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3.1 Generation of a Hull Form
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What is a “Hull form”?

 Hull form
 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
 Like a skin of human

 Hull form design
 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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Lines

Body Plan

Water Plan Sheer Plan
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 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.

 Car exterior design
• An 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.

Hull Form Design vs. Car Exterior Design
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Hull From DesignHull From Design

Idea Sketch & Rendering Tape Drawing Clay Modeling

MeasuringDigital Modeling (Reverse Engineering)

Engineer

Stylist

Procedure of Car Exterior Design
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Procedure of Hull Form Design

Wireframes of Hull Form

Variation

Fairing

feedback

CFD

feedback

Hull Form Design

Model Test

offset

Hull Form Surface

Basis Ship

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering

General Arrangement
and Hull Structure Design

Naval Architectural Calculation/CAE
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Overview of Hull Form Design

 Procedures of hull form (wire frame) design
 Input or generation of hull form of basis ship
 Variation from basis ship to design ship
 Fairing of varied hull form Input of hull form

of basis ship1

Finish of hull form4

Hull form fairing3

Hull form variation2

Performance evaluation
of hull form5
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Coordinates for Hull Form Representation

O
x

y

z

y-z plane

x-y plane

x-z plane

Fore body

Aft body

Coordinates for Hull Form

“Right-hand Coordinates”

* Some systems use “Left-hand Coordinates” are used.
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Composition of Wireframes of Hull Form

 Hull form curves
 Primary curves

 They define the outer shape of a hull form.
 Profile line, bottom tangent line, side tangent line, etc.

 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.

Wireframes
 Group of hull form curves which are generated from primary 

and secondary curves, and intersection curves among them
 They contain a number of closed regions of triangle, 

quadrilateral, pentagon, etc.
 Basis for generating a hull form surface
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Primary Curves for Hull Form Representation
- Profile Line (1/2)

 Profile line is an intersection (or tangent) curve between hull form 
surface and center plane (center plane, y = 0 plane) except for 
deck.

 Also called center line

Example of profile line of a 320K VLCC

Parallel middle body
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Primary Curves for Hull Form Representation
- Profile Line (2/2)

Profile line on center plane (y = 0 plane)

Skeg profile line on skeg

Example of profile line of a twin-skeg container ship
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Primary Curves for Hull Form Representation
- Bottom Tangent Line

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

Example of bottom tangent line of a 320K VLCC

Parallel middle body
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Primary Curves for Hull Form Representation
- Side Tangent Line

 Side tangent line is an intersection (or tangent) curve between hull 
form surface and y = Bmld/2 plane.

Example of side tangent line of a 320K VLCC

Parallel middle body
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Primary Curves for Hull Form Representation
- Deck Side Line

 Deck side line is a curve representing the side of upper deck
 Both ends of the curve contact with profile line.

Example of deck side line of a 320K VLCC

Parallel middle body
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Curve Straight line

Straight line

Arc

St. 19.75 St. 15

p0 p1
p2

p3

p4

p5

p6

p7

p8

p9

p10

p11

p12

p13

p14

p1 p2

p3

p4

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

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

 In generally, because the section lines are located 
at the stations, they are called station line.

 Section lines make up the body plan of lines.

St. 19.75

St. 1

Secondary Curves for Hull Form Representation
- Section Line

Example of section line
of a 320K VLCC
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Secondary Curves for Hull Form Representation
- Buttock Line

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

 Buttock lines make up the sheer plan or buttock plan of lines.

Example of buttock line of a 320K VLCC

Parallel middle body

AP FP

Run Entrance
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Secondary Curves for Hull Form Representation
- Water Line

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

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

Example of water line of a 320K VLCC

Parallel middle body

DLWL (Design Load Water Line)
 Design Draft

AP FP

Run Entrance



2017-06-16

11

21
Design Theories of Ship and Offshore Plant, Fall 2016, Myung-Il Roh

Secondary Curves for Hull Form Representation
- Space Line (1/2)

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

 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)

Projection on y-z plane Generation of 2D auxiliary line





Generation of space line

Generation procedure
of space line
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Generation of Wireframes of Hull From

 Input
 Primary curves, secondary curves

 Intersection
 Generation of intermediate curves such as water lines and 

buttock lines through intersection between primary and 
secondary curves

 Wireframes generation
 Generation of wireframes using  and 

24
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Wireframes Generation

Wireframes generation using primary & secondary curves and water lines

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

Section line

Input: Primary curves, secondary curves
Output: Water lines
 Finally, wireframes are generated.

Water line
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Generation of Water Lines (1/2)

St.15St.19St.19.75

 Generate a water line by intersection
calculation between ‘z = a’ plane and
all primary curves and section lines.

z = a

Intersection points for generating
the water line at ‘z = a’

Z

Y
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Generation of Water Lines (2/2)

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

Intersection points at z = 0.5

section line (station)

Repeat this for the z position what we want.

Generation of water lines


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Generation of Buttock Lines (1/2)

St.15St.19St.19.75

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

y = b

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

Z

Y
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Generation of Buttock Lines (2/2)

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

Intersection points at y = 28

section line (station)

Repeat this for the y position what we want.

Generation of buttock lines


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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

Stations

Half-Breadth

* Unit: mm
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Relationship Between Lines and Offsets Table (1/2)

Generation of offsets table
from the lines

Lines

Offsets table
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Relationship Between Lines and Offsets Table (2/2)

Waterline at 18m

Half-breadth for each station
at 18m waterline

Waterline at 18m

Half-breadth for St. 19

7036

Half-breadth for St. 18

13033
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TBL
CB 




M

B

M
P C

C

AL
C 






CB (Block coefficient) CP (Prismatic coefficient)

BP WL

moulded volume of displacement

length of theship (L or L )

moulded breadth

moulded draft

L

B

T

 




BP WL

moulded volumeof displacement

length of the ship (L or L )

midshipsection area

midship coefficient
M

M

L

A

C

 




B

T

L

L

Hull Form Coefficients
- CB (Block Coefficient) and CP (Prismatic Coefficient)

form hull

runder wate

: maximum transverse underwater areaxA

form hull

runder wate
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M
M

A
C

B T



WP

WP

A
C

L B




CM (Midship Section Coefficient) CWP (Water Plane Area Coefficient)

midshipsection area

moulded breadth

moulded draft

MA

B

T





water plane area

length of  the ship (LWL or LBP)

moulded breadth

WA

L

B





L

Hull Form Coefficients
- CM (Midship Section Coefficient) and CWP (Water Plane Area Coefficient)

L

form hull

runder wate

: maximum transverse underwater areaMA

B

T

: water planeareaWPA

B
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VP
WP

C
T A






CVP (Vertical Prismatic Coefficient)

moulded volumeof displacement

water plane area

moulded draft
WPA

T

 




Hull Form Coefficients
- CVP (Vertical Prismatic Coefficient)

T

: water planeareaWPA
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CP Curve (Sectional Area Curve)

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

 CP 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 distribution of underwater volume along the 
length of a ship.

Under curve

Bounding box

P
M

C
L A

Area

Area








38
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Example of CP Curve of a 320K VLCC
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3.2 Hull Form Variation

40
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Hull Form Variation (1/2)

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

Sectional area curve
(CP curve)

Hull form model
of the deadweight
300,000ton VLCC

Hull form model
of the deadweight
320,000ton VLCC



Hull form
variation

Principal dimension

Loa 332.0m

Lbp 320.0m

B 58.0m

D 31.2m

Td 20.8m

Cb 0.8086

Principal dimension

Loa 333.0m

Lbp 320.0m

B 60.0m

D 30.5m

Td 21.0m

Cb 0.8088
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Hull Form Variation (2/2)

 Categorization of Hull Form Variation Methods
 Dimensional variation method

 Change of principal dimensions (LBP, B, D, T)
 Change of hull form parameters (e.g, transom height, shaft center 

height, bossing end radius, maximum deck height, bilge radius, 
etc.)

 CP variation method
 Change of CB (actually, displacement) and LCB
Miscellaneous dimensions (e.g., transom length, bulb length, etc.)

Transom

Bulb
(Bulbous bow)
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Procedure of the Hull Form Variation (Overview)

Dimensional Variation
Change of principal dimensions

(L, B, D, T)

CP Variation
Change of CB and LCB

Hydrostatics Calculation
Check of the requirement

for the hull form

Finish

Yes

No
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Dimensional Variation Method

44
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Dimensional Variation Method (1/3)

 Change of the Length (LBP)
 Length ratio between basis ship and design ship:  (= Ldesign / Lbasis)
 Multiply x coordinates of all points in each hull form curve by .



Basis ship

Design ship
Length variation
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Dimensional Variation Method (2/3)

 Change of the Breadth (B)
 Breadth ratio between basis ship and design ship: (= Bdesign / Bbasis)
 Multiply y coordinates of all points in each hull form curve by .



Basis ship Design ship

Breadth
variation
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Dimensional Variation Method (3/3)

 Change of the Depth (D) or Draft (T)
 Depth or Draft ratio between basis ship and design ship: (= Ddesign / Dbasis)
 Multiply z coordinates of all points in each hull form curve by .


Depth

variation

Basis ship Design ship
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Example of a Dimensional Variation Method

 Before Dimensional Variation
LBP: 190m, B: 28.65m, D: 22m, T: 8.5m

After Dimensional Variation 
LBP: 200m, B: 29m, D: 23m, T: 8.6m

Example of a twin-skeg container ship
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CP Variation Method
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CP Variation Method (1/2)

 In shipyard, the hull form of a similar basis ship is chosen and 
modified to the correct the principal dimensions for a new design 
ship.
 The hull form of the design ship can maintain the 
hydrostatic/hydrodynamic property of the basis ship.

 CP variation method
In deriving the lines for a new design ship from the similar basis 
ship, it is usual to correct displacement and LCB (Longitudinal 
Center of Buoyancy) by adjusting the longitudinal spacing of the 
transverse sections in order to suit the new CP curve.

– 1-CP variation method
– Lackenby variation method
– Swing station method
– Weighted modified swing method

Correction for displacement

Correction for LCB

50
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CP Variation Method (2/2)

•Adjust the longitudinal spacing of 
the transverse sections in order to
suit the new CP curve.

*The LBP is normalized in terms of two. (from Midship: ±1)

A
BC

D

C
D

A
B'

x

Basis Ship

Design Ship

① The transverse section of the basis ship 
located at station 9 (x=0.8)
 In the design ship, the transverse section of 
the basis ship located at station 9 is moved 
through distance AB.

② The transverse section of the design ship 
located at station 9 is obtained from that of 
the basis ship located at station 8.7.

8.77.4

③ The transverse section of the basis ship 
located at station 7 (x=0.4)
 In the design ship, the transverse section of 
the basis ship located at station 7 is moved 
through distance A’B’.

④ The transverse section of the design ship 
located at station 7 is obtained from that of 
the basis ship located at station 7.4.

CP Curve
(4,100 TEU Container ship)

x

Move
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CP Variation Method
- “1-CP” Variation Method (1/5)

 Assumption: “The new spacing 
of the sections from the end of 
the body is made proportional to 
the difference between the 
respective prismatics and unity”

1 x

 xx 1

 PP CC 1

1 PC

PL

,
 

a fPC

PC

Given: The prismatic coefficients of fore and after bodies the basis ship (      ),
The required changes in the prismatic coefficients of fore and after bodies (      )

Find: ,a fx

 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  



 
 , , ,

, , ,1 :1

1 :1
a f a f a f

a f a f a f

P P P

x x x

C C C





  

   

: “1-Cp” variation method
How to get the value of        ?

,a fPC

: The required change in prismatic coefficient of the half-body

: The fractional distance of any transverse section from 
midship

: The necessary longitudinal shift of the section at x to 
produce the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

: The fractional parallel middle of the half-body
: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction
of the maximum ordinate

PL

PL
x
y

,a fPC

Under curve

Bounding box

B
P

M M

Area C
C

L A Area C


  



* Reference: Lackenby, On The Systematic Geometrical Variation of Ship Forms, RINA , p. 290, 1950.
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 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  



 “1-Cp” Variation method ,f aPCHow to get the value of        ?

   2
f

P a P P
P

f a

C h LCB LCB C C
C

h h

  


    


   2
a

P f P P

P
f a

C h LCB LCB C C
C

h h

  


    


Method 1. Using the following formula 

Given:

Find:
,, , , ,P P a fC C h LCB LCB 

,a fPC

 The derivation of the above formula can refer to the above reference.

LCB LCB

fPL
aPL

aPL
fPL

ax fx

The sign of LCB and LCB are positive for forward of 
midship and negative for aft of midship.

: The required change in prismatic coefficient of the half-body

: The fractional distance of any transverse section from 
midship

PC
x

: The fractional distance from midship of the centroid of the 
added “sliver” of area represented by CP

h

: The fractional distance from midship of the centroid of the half-bodyx

: The necessary longitudinal shift of the section at x to 
produce the required change in prismatic coefficient

x

: The distance of the LCB in the basis ship from midship expressed as a fraction of the half-length
: The required fractional shift of the LCB in the derived form

LCB
LCB

The + sign indicates movement away from midship (xa, xf).

CP Variation Method
- “1-CP” Variation Method (2/5)

* Reference: Lackenby, On The Systematic Geometrical Variation of Ship Forms, RINA , p. 290, 1950.

Under curve

Bounding box

B
P

M M

Area C
C

L A Area C


  


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CP Variation Method
- “1-CP” Variation Method (3/5)

 Calculation of

Given: 

Find:

   , ,

,

, ,

,

, ,

1 2 )
1 2 1

1 1
a f a f

a f

a f a f

P a f P

a f P a f
P P

C x C
h C x

C C


      

 
,

,

,

,

1 2 )

1
a f

a f

P a f

a f
P

C x
h

C






,a fh
, ,,

a fP a fC x

,f ah

   2
f

P a P P

P
f a

C h LCB LCB C C
C

h h

  


    


   2
a

P f P P

P
f a

C h LCB LCB C C
C

h h

  


    


How to obtain       ?,f ah

: The fractional distance of any transverse section from midship

: The necessary longitudinal shift of the section at x to produce
the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

PL

: The required change in prismatic coefficient of the half-body

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction of the 
maximum ordinate

PL
x
y

LCB LCB

fPL
aPL

aPL
fPL

ax fx

The + sign indicates movement away from midship
(xa, xf).

Formula for Calculating hf,a

* Reference: Lackenby, On The Systematic Geometrical Variation of Ship Forms, RINA , p. 290, 1950.

Under curve

Bounding box

B
P

M M

Area C
C

L A Area C


  


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CP Variation Method
- “1-CP” Variation Method (4/5)

• LCB represents the balance of the displacement between fore body and aft body.

(So, it determines the distribution of the displacement of a ship)
• Block coefficient of after body (CBA) has an effect on the maneuverability of a ship
(Recommending that CBA is less than 0.76.)
• Hull form of the fore body usually has effect on the wave resistance.

• Hull form of the after body usually has effect on the friction resistance and propulsion ability.

Ponderous (obese) ship: LCB to be located at fore body
Slender ship: LCB to be located at midship or aft body

• Formula for the LCB when CBA is less than 0.76

LCBCC PPA  0215.0

• When the CB of the ship is 0.8~0.85 (Ponderous ship):

• Lap/Keller formula

0.933.13][%  BCLLCB

:  3.5~4.0% (forward)LCB

basis, actual
.

basis,estimate
corr

LCB
C

LCB


design . design,estimatecorrLCB C LCB 

When the LCB is estimated, the 
correction factor obtained from basis 
ship can be applied.

LCBbasis,estimate: LCB of the basis ship to be estimated by the formula

LCBbasis,actual: Actual LCB of the basis ship

Ccorr: Correction factor

LCBdesign,estimate: LCB of the design ship to be estimated by the formula

LCBdesign: LCBdesign,estimate multiplied by correction factor

Formula for Estimating the LCB
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How to get the value of        ?

Method 2. Using the statistical method

From the “Form Data IV” of Guldhammer, 
we can find       and        according to the       and LCB.
Similarly, we can find        and        according to the

and LCB.

PC
fPC

aPC

Ex) Given: Cp=0.682, LCB=1.2% aft,
From the following graph, we can find CPf=0.659 and CPa=0.705.

CP = 0.682

LC
B 

= 
1.

2%
 a

ft

CP

LCB (%)

 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  


,a fPC

: The required change in prismatic coefficient of
the half-body

: The fractional distance of any transverse section from 
midship
: The necessary longitudinal shift of the section at x to 
produce the required change in prismatic coefficient

PC

x

x

: The fractional distance from midship of the centroid 
of the added “sliver” of area represented by CP

h

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid 
of the half-body

PL

PL

x

: The area of the transverse section at x expressed as a 
fraction of the maximum ordinate

y

 “1-CP”Variation methodCP Variation Method
- “1-CP” Variation Method (5/5)

LCB LCB

fPL
aPL

aPL
fPL

ax fx

The + sign indicates movement away from midship
(xa, xf).

fPC
aPC

P PC C
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 This method is proposed only to change the LCB, the displacement being maintained constant.

y

x


y
y

LCB
x 



: the required change in LCB position

: the position of the vertical centroid

of area above the base  (VCB)

δLCB

y

y

LCB tan

Each transverse section of the basis ship is “swung” through the same angle θ as shown.

LCBLCB


 y y

x

x

x

: Basis Ship

: Design Ship

Swing station method: Changing the LCB position of hull form of a ship by 
“swinging” the CP curve




 

T

wp dzzAz
y 0

)(

 It can be obtained from the first moment of the submerged 
volume of the ship about x axis divided by the displacement (KB, 
VCB). In this method, this value has to be normalized.

:y

Given:

Find:
, , ( )LCB y y x

at xx

CP Variation Method 
- “Swing Station Method”
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CP Variation Method 
- Disadvantages of “1-CP“ Variation Method

(2) There is no control over the extent of the parallel middle body in this 
method. That is, LP and CP cannot be varied independently.

(1) This method cannot be used to reduce 
the displacement of a ship having no parallel 
middle body. That is, this method can be 
applied to a ship having the parallel middle 
body.

(3) A hull form having no parallel middle body cannot be increased in displacement 
without the addition of parallel middle body. That is, if CP changes, the length of 
parallel middle body changes. 

 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  

  ,

, ,

,

1
1

a f

a f a f

a f

P

P P
P

C
L L

C


  



P b mC C / C
D

C

A

x

x

pC
y

x1

0pLpL

B

h

x

pC

: the required change in prismatic coefficient of the half-body

: the fractional distance of any transverse section from midship

: the necessary longitudinal shift of the section at x to produce the 
required change in prismatic coefficient
: the fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC

x

x

h

: the fractional parallel middle of the half-body

: the consequent change in parallel middle body

: the fractional distance from midship of the centroid of the half-body
: the area of the transverse section at x expressed as a fraction of the 
maximum ordinate

PL

PL

x

y

(4) For a given change in CP curve, the longitudinal distribution of the displacement 
cannot be arbitrarily controlled by a designer.
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CP Variation Method 
- “Lackenby” Method (General Case) (1/3)

D

C

A B

,a fx

,a fx

,a fpC
,f ay

,1 a fx

,f apL

,a fh

B

,a fpC

,a fx

,f apL

Basis Form: Any extent of parallel middle body

Derived From: Any required change in prismatic 
coefficient and extent of parallel middle body

, , ,, ,, ( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

,

,

,
, ,

,

(1 )
(1 ) [ ]

1 (1 )
a f

a f

Pa f
a f a f P

a f

Cx
x x C

A
 

         

,a fpL
,a fpL

,fapL
,a fpL

,a fpL

 In this formula, the change in the parallel middle body 
(δLpa,f) is included.

①

(1) The parallel middle body (Lpf,a) can be controlled.

(2) Because x is proportional to x(1-x), this method 
can be applied to the any case of the simple variation.

(3) The required adjustments to the prismatic 
coefficients of fore and after bodies to give any desired 
change in LCB position and total prismatic coefficient 
can be determined.

<Advantages of “Lackenby method”>

<General Case>
Given: 
Find:

, , , , , ,, , , , ,
a f a f a f a fP P P P a f a fC C L L x x 

,a fx

 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  



“1-Cp” Variation Method

: The required change in prismatic coefficient of the half-body

: The fractional distance of any transverse section from midship

: The necessary longitudinal shift of the section at x to produce 
the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction of the 
maximum ordinatePL

PL
x
y

* Reference: Lackenby, On The Systematic Geometrical 
Variation of Ship Forms, RINA , p. 294, 308, 1950.

Under curve

Bounding box

B
P

M M

Area C
C

L A Area C


  


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CP Variation Method 
- “Lackenby” Method (General Case) (2/3) ③ Calculation of ha,f

, , ,

,

, , , , ,

,,
,

(1 ) (1 2 )
1

(1 ) (1 )
a f a f a f

a f

a f a f a f a f a f

p p p a fa f
a f p

p p p p p

L C L xB
h C

C C L C L

 

 

     
     
       

, ,

2
, , ,

,
,

2 3 (1 2 )
, f a f ap f a f a p f a

f a
f a

C x k L x
B

A

        
 
 

, , ,, ,( (1 2 ) (1 ))
f a f a f af a P f a p PA C x L C   

Given:

Find: ,a fh
, , , , , ,, , , , ,

a f a f a f a fp p p p a f a fC C L L x k 

① “Lackenby” method <General Case>

, , ,, ,, ( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

,

,

,
, ,

,

(1 )
(1 ) [ ]

1 (1 )
a f

a f

Pa f
a f a f P

a f

Cx
x x C

A
 

         

,a fpL
,a fpL

,a fpL
,a fpL

,a fpL

Given: 

Find:
, , , , , ,, , , , ,

a f a f a f a fP P P P a f a fC C L L x x 

,a fx

   2
f

P a P P
P

f a

C h LCB LCB C C
C

h h

  


    


   2
a

P f P P

P
f a

C h LCB LCB C C
C

h h

  


    


Given:

Find:
,, , , ,P P a fC C h LCB LCB 

,a fPC

② Calculation of
,f aPC

2 ( ) ( )
f a

f

p a P P f p a p

p
f a

C B LCB LCB C C C L C L
C

B B

    


          


2 ( ) ( )
f a

a

p f P P f P a p

p
f a

C B LCB LCB C C C L C L
C

B B

    


          


Substituting equation ③ into equation ② and rearranging for         ,

Given:

Find:
, , ,, , , , , ,

a f a fP P p P a fC C L L LCB LCB k  

,a fPC

, ,

,

, ,

,

(1 ) (1 2 )
,

1
a f a f

a f

a f P P a f

a f
p

B C C x
C

L

   
 
  

, ,

2
, , ,

,
,

2 3 (1 2 )
a f a fp a f a f p a f

a f
a f

C x k L x
B

A

        
 
 

, , ,, ,( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

To obtain     ,        have to be given! ,a fh
,a fPC

,a fPC

: The fractional distance of any transverse section from midship

: The necessary longitudinal shift of the section at x to produce
the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

PL

: The required change in prismatic coefficient of the half-body

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction of the 
maximum ordinate

PL
x
y

* Reference: Lackenby, On The Systematic Geometrical Variation of Ship Forms, RINA , p. 294, 306, 308, 309, 1950.
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: The fractional distance of any transverse section from midship

: The necessary longitudinal shift of the section at x to produce
the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

PL

: The required change in prismatic coefficient of the half-body

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction of the 
maximum ordinate

PL
x
y

CP Variation Method 
- “Lackenby” Method (General Case) (3/3) ③ Calculation of ha,f

, , ,

,

, , , , ,

,,
,

(1 ) (1 2 )
1

(1 ) (1 )
a f a f a f

a f

a f a f a f a f a f

p p p a fa f
a f p

p p p p p

L C L xB
h C

C C L C L

 

 

     
     
       

, ,

2
, , ,

,
,

2 3 (1 2 )
, f a f ap f a f a p f a

f a
f a

C x k L x
B

A

        
 
 

, , ,, ,( (1 2 ) (1 ))
f a f a f af a P f a p PA C x L C   

Given:

Find: ,a fh
, , , , , ,, , , , ,

a f a f a f a fp p p p a f a fC C L L x k 

① “Lackenby” method <General Case>

, , ,, ,, ( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

,

,

,
, ,

,

(1 )
(1 ) [ ]

1 (1 )
a f

a f

Pa f
a f a f P

a f

Cx
x x C

A
 

         

,a fpL
,a fpL

,a fpL
,a fpL

,a fpL

Given: 

Find:
, , , , , ,, , , , ,

a f a f a f a fP P P P a f a fC C L L x x 

,a fx

   2
f

P a P P
P

f a

C h LCB LCB C C
C

h h

  


    


   2
a

P f P P

P
f a

C h LCB LCB C C
C

h h

  


    


Given:

Find:
,, , , ,P P a fC C h LCB LCB 

,a fPC

② Calculation of
,f aPC

2 ( ) ( )
f a

f

p a P P f p a p

p
f a

C B LCB LCB C C C L C L
C

B B

    


          


2 ( ) ( )
f a

a

p f P P f P a p

p
f a

C B LCB LCB C C C L C L
C

B B

    


          


Substituting equation ③ into equation ② and rearranging for         ,

Given:

Find:
, , ,, , , , , ,

a f a fP P p P a fC C L L LCB LCB k  

,a fPC

, ,

,

, ,

,

(1 ) (1 2 )
,

1
a f a f

a f

a f P P a f

a f
p

B C C x
C

L

   
 
  

, ,

2
, , ,

,
,

2 3 (1 2 )
a f a fp a f a f p a f

a f
a f

C x k L x
B

A

        
 
 

, , ,, ,( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

To obtain     ,        have to be given! ,a fh
,a fPC

,a fPC

④ Calculation of ka,f ka,f : The lever of the second moment (i.e., radius of gyration) about 
midship expressed as a fraction of the length of the half-body

,
,

,

a f
a f

a f

I
k

S
 Ia,f: The second moment about midship expressed as a fraction of 

the length of the half-body

Sa,f: The area of the half-body

* Reference: Lackenby, On The Systematic Geometrical Variation of Ship Forms, RINA , p. 294, 306, 308, 309, 1950.
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: The fractional distance of any transverse section from midship

: The necessary longitudinal shift of the section at x to produce
the required change in prismatic coefficient

: The fractional distance from midship of the centroid of the added 
“sliver” of area represented by CP

PC
x

x

h

PL

: The required change in prismatic coefficient of the half-body

: The fractional parallel middle of the half-body

: The consequent change in parallel middle body

: The fractional distance from midship of the centroid of the half-body
: The area of the transverse section at x expressed as a fraction of the 
maximum ordinate

PL
x
y

CP Variation method 
- Relation between “1-CP” Variation Method and “Lackenby” Method

“1-CP” variation method

 ,

,

, ,1
1

a f

a f

P

a f a f
P

C
x x

C


  



, ,
 ,

a f a fP PC CGiven:
Find: ,a fx

“Lackenby” method <General Case>

, , ,, ,, ( (1 2 ) (1 ))
a f a f a fa f P a f p PA C x L C   

,

,

,
, ,

,

(1 )
(1 ) [ ]

1 (1 )
f a

f a

Pf a
f a f a P

f a

Cx
x x C

A
 

         
,a fpL

,a fpL
,a fpL

,f apL
,a fpL

Given: 

Find:
, , , , ,, , , ,

a f a f a f a fP P P P a fC C L L x 

,a fx

 The change in the parallel middle body (δLpa,f) can be controlled.The change in parallel middle body by “1-CP” 
variation method

 
af

af

af

af P
P

P

P L
C

C
L

,

,

,

,
1

1








,a fPL
, , ,

, ,
a f a f a fP P PC C LGiven:

Find: 

 The consequent change in parallel middle body 
(δLpa,f) is calculated by “1-CP” variation method. 

,

,

,
, ,

,

(1 )
(1 ) [ ]

1 (1 )
f a

f a

Pf a
f a f a P

f a

Cx
x x C

A
 

         

,f apL
,f apL

,f apL
,f apL

,f apL

,

,

, , , ,

, ,

, , ,

,

, ,
,

(1 )
1 (1 )

(1 ) [ (1 ) ]
1 1 (1 )

a f

a f

a f a f a f a f

a f a f

a f a f a f

p

p
p a f p p P

a f a f P p
p a f p p

C
L

C x L C C
x x C L
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 This result is equal to the 
result of “1-CP” variation method.

 That is, “1-CP” variation method is 
a special case of Lackenby method.

(Substituting into the Lackenby method)
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Example of a CP Variation Method

CP Curve before CP Variation (CB = 0.6763, LCB = -1.65% LBP)

CP Curve after CP Variation (CB = 0.6500, LCB = -1.65% LBP)

Example of a twin-skeg container ship
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Design of a Body Plan by Using the Changed CP Curve

St. 4

St. 4

Decrease of
sectional area
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Procedure of the CP Variation (Detailed)

When CP and LCB are obtained, calculate or estimate the CP at fore and after bodies.1

By using the “1-CP variation method” or “Lackenby method”, correct
the difference in CB (CP) between the basis ship and design ship.

2

By using the “Swing station method”, correct the difference in LCB
between the basis ship and design ship.

3

By correcting the local part of CP curve, determine the CP curve of design ship.4

Modification of a body plan5

Modification of a water plan6

Modification of a sheer plan7
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3.3 Hull Form Fairing
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Hull Form Fairing

 Objective
 To increase the quality of the hull form
 A kind of touch-up process for the hull form
 In general, the hull form fairing is performed manually.
 The quality can be checked roughly with the CP curve.

 Hull Form Fairing Method
 Modification of hull form curves through moving, inserting, 

and deleting points on the curves
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Example of Hull Form Fairing (1/3)

Moving an existing point

Example of a twin-skeg container ship
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Example of Hull Form Fairing (2/3)

Inserting a new point

Example of a twin-skeg container ship
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Example of Hull Form Fairing (3/3)

Deleting an existing point

Example of a twin-skeg container ship
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Example of Hull Form of High Quality 

Fore body

Example of a single skeg container ship

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

Example of a missile destroyer (DDG-51)
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Example of Hull Form of Low Quality (2/2) 

Example of a missile destroyer (DDG-51)
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3.4 Performance Evaluation of a Hull 
Form
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Performance Evaluation of a Hull Form

 Stability
 Hull form coefficients
 Hydrostatic tables and hydrostatic curves

 Resistance
 Traditional and standard series methods
 Regression based methods (Statistical methods)
 Direct model test
 Computational Fluid Dynamics (CFD)

Maneuverability
 Dependent on couple effect between hull form and rudder
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Stability Performance
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Hydrostatic Values

 DraftMld, DraftScant: Draft from base line, moulded / scantling (m)
 VolumeMld(), VolumeExt: Displacement volume, moulded / extreme (m3)
 DisplacementMld(), DisplacementExt: 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)
 KMT: Transverse metacenter height above base line (m)
 KML: Longitudinal metacenter height above base line (m)
 MTC: Moment to change trim one centimeter (ton-m)
 TPC: Increase in DisplacementMld (ton) per one centimeter immersion
 WSA: Wetted surface area (m2)
 CB: Block coefficient
 CWP: Water plane area coefficient
 CM: Midship section area coefficient
 CP: Prismatic coefficient
 Trim: Trim(= after draft – forward draft) (m)
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Hydrostatic Curve

 Hydrostatic curve: Curve for representing hydrostatic values

Example of Hydrostatic Curve
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D
ra

ft
[m

]

Given: Offsets table, Formulas for calculating hydrostatic values
Find: Hydrostatic tables as function of draft, Hydrostatic curves

<Hydrostatic Tables>

 Calculation of hydrostatic values as function of draft

Calculated, Scaled Value

draft

Calculated values with respect to 
draft in the hydrostatics table

Generated curve using B-spline

<Hydrostatic Curves>

Generation of Hydrostatic Tables and Hydrostatic Curves
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Example of Hydrostatic Tables of
a 6,300TEU Container Ship (1/2)
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Example of Hydrostatic Tables of
a 6,300TEU Container Ship (2/2)
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Example of Hydrostatic Curves of
a 6,300TEU Container Ship
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Resistance Performance
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Types of Ship Resistance Evaluation Methods

* John Carlton, Marine Propellers and Propulsion, 3rd Edition, Elsevier, 2012

Ship resistance evaluation methods

- Taylor
- Ayre
- Lap
- Auf’m Keller
- Harvald

Traditional and 
standard series 
methods

Regression based 
methods

Direct model test
Computational 
Fluid Dynamics 
(CFD)

- BSRA series
- SSPA series
- Series 60
- Coaster 

series

- Scott
- Holtrop & Mennen

- 2D extrapolation
- 3D extrapolation

- Advanced Navier-
Stokes solution 
capabilities for 3D 
flow around ships

   
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Resistance estimation by Holtrop-Mennen’s Method
- Reason why a statistical method is presented at the initial design stage of a ship (1/2) 

As the resistance of a full-scale ship cannot be measured directly, our 
knowledge about the resistance of ships comes from model tests. 

However, at the initial design stage of a ship, the model for the 
design ship is not provided. Furthermore, the design ship and the 
basis ship are not preserved geometrical similarity. 

Model Test for the basis ship

Basis ship Design ship

Model Test for the design ship

?
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* Holtrop and Mennen's method, which was originally presented in the Journal of International Shipbuilding 
Progress, Vol. 25 (Oct. 1978), revised in Vol. 29 (July 1982) and again in N.S.M.B. Publication 769 (1984) and 
in a paper presented to SMSSH'88 (October 1988), meets all criteria with formulae derived by regression 
analysis from the considerable data bank of the Netherlands Ship Model Basin being provided for every 
variable. 

Therefore, a statistical method was presented for the determination of 
the required propulsive power in the initial design stage.
This method was developed through a regression analysis of random 
model experiments and full-scale data. 

Many naval architects use the method, generally in the form presented 
in 1984 and find it gives acceptable results although it has to said that 
a number of the formula seem very complicated and the physics 
behind them are not at all clear (a not infrequent corollary of 
regression analysis).

Resistance estimation by Holtrop-Mennen’s Method
- Reason why a statistical method is presented at the initial design stage of a ship (2/2)
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Formula Proposed by Holtrop & Mennen

① Frictional 
resistance

③ Appendage 
resistance

④ Wave 
resistance

⑦ Model-ship 
correlation 
resistance

⑤ Additional pressure 
resistance of bulbous bow 

near the water surface

⑥ Additional pressure 
resistance due to immersed 

transom immersion

Total 
resistance

② Form factor of 
the hull

ATRBWAPPFT RRRRRkRR  )1( 1

B

T

L
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Scale Effect on
t, w, R

Self Propulsion Test
TM, QM, nM

Self Propulsion Test
TM, QM, nM

Model
Propulsive Coefficient

Ship 
Power & RPM
PD = CP x PDS
N = CN x NS

Model-Ship Correlation
CP, CN

Resistance Test
RTM

Resistance Test
RTM

POW Test
J, KT, KQ, o

POW Test
J, KT, KQ, o

Ship
Propulsive Coefficient

Scale Effect on
Propeller

Model Test in the Towing Tank
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Classifications of Model Test (1/9)

 Resistance Test
 The ship model is towed by a carriage and the total longitudinal 

forces acting on the model are measured at various speeds.
 During these tests the ship model is free to move “vertically” and “in 

pitch”.
 The tests are done at one or several displacements or trim angles.
 Given: Ship Speed (VM)
 Find: Total resistance (RTM)

* Reference: MARIN, Stadt Towing Tank
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Classifications of Model Test (2/9)

 Resistance Test (continued)
 Test procedure

 The model is accelerated to wanted speed with the carriage.
 Speed is kept constant for at least 10 seconds (or at least 10 load cycles).
 Average values of the measurements for the period of constant speed is calculated.

 The tow force might fluctuate considerably, especially for models with 
low drag/displacement ratio and large displacement.

 In such cases, we needs at least ten oscillations in the time series.
 We must make sure to leave out the transient part of the time series, 

which is due to the acceleration.

* Reference: MARIN, Stadt Towing Tank
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Classifications of Model Test (3/9)

 Self Propulsion Test
 The ship model is self propelled and free to move “vertically” and “in 

pitch”.
 The horsepower required to drive the model at various speeds is 

measured.
 Given: Ship Speed (VM)
 Find: Thrust (TM), Torque (QM), Propeller RPM (nM), Sinkage (Fore/Aft)

* Reference: MARIN, Stadt Towing Tank
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Classifications of Model Test (4/9)

 Self Propulsion Test (continued)
 Test procedure (Continental method)

 The model is accelerated to wanted speed with its own electric motor (self 
propulsion).

 Propeller RPMs are adjusted so that the model is getting the same speed as the 
carriage, and then the model is released.

 Measurement is made with found RPMs for at least 10 seconds.
 Average values of the measurements for the period of constant speed is calculated.

 Test procedure (British method)
 The model is accelerated to wanted speed with its own electric motor (self 

propulsion).
 Propeller RPMS are set to constant value (the model speed can be different from the 

carriage speed).
 Applied towing force is measured.
 The test is repeated with other values of propeller RPMs (at least three values).
 Values of thrust, torque, and RPMs for correcting towing force are found by 

interpolation.

 Pros and Cons of British method
 Re-analyses with other towing force values are possible.
 Availability of propeller over- and under-load results
 More time consuming
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Water speed 
(Uniform flow, VA)

Classifications of Model Test (5/9)

 Propeller Open Water (POW) Test
 This test is carried out under ideal condition in which the propeller do

es not get disturbed by the hull.
 Given: Propeller Dimensions (DP, Pi, AE/AO, z), Propeller RPM (n), 

Speed of Advance (VA)
 Find: Thrust (KT), Torque (KQ),

Propeller Efficiency (o) for Advance Ratio (J)
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Classifications of Model Test (6/9)

 Propeller Open Water (POW) Test (continued)
 Test procedure

 Propeller RPMs are kept constant.
 Carriage speed (water speed) is varied in steps from zero speed to zero propeller thru

st.
 Tests are performed at same RPMs as expected for design speed in self propulsion te

sts.
 Tests might be repeated at higher propeller RPMs (attempted full scale condition).
 Results are presented in non-dimensional form.
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Classifications of Model Test (7/9)

 Flow visualization test
 Stripes of a paint are applied to the model which is then towed at a 

desired Froude scaled speed and propeller rotation rate.
 This leads to the paint streaking along the flow lines at the boundary 

layer of the model hull.



2017-06-16

48

95
Design Theories of Ship and Offshore Plant, Fall 2016, Myung-Il Roh

Classifications of Model Test (8/9)

 Cavitation test
 This test is performed to investigate cavitation induced erosion of 

propeller blades, effect of cavitation on propulsion efficiency, 
vibrations, and noise

 Given: Propeller Dimensions (DP, Pi, AE/AO, z), Propeller RPM (n), 
Tunnel Water Speed (Speed of Advance, VA)

 Find: Pressure pulse, Propeller noise
 Test types

 Cavitation observation
 Pressure pulses
 Noise measurements
 Cavitation erosion
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Classifications of Model Test (9/9)

 Cavitation test (continued)
 Test procedure

 Choose water speed in test section according to actual advance ratio (J).
 Install aft-body model and adjust wake field by mesh screens.
 Install propeller model.
 With atmospheric pressure in the tunnel, adjust propeller RPM (and/or water speed) 

until the propeller torque is correct according to the self propulsion test in the 
towing tank (equal KQ). This is called the “torque identity” principle.

 Keeping water speed and RPM constant, reduce the tunnel pressure until the 
specified cavitation number is achieved.

 Do necessary cavitation observation and measurements.
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Example of Resistance Test in the Towing Tank

Towing tank at SNU
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Computational Fluid Dynamics (CFD) (1/3)

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

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

* Reference: STX Canada, US Marine

Resistance test using CFD to optimize hull form Aerodynamic analysis of turbulence levels
over the helicopter flight deck
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Computational Fluid Dynamics (CFD) (2/3)

 Procedures for CFD
 Preprocessing

 The geometry (physical bounds) of the problem is defined.
 The volume occupied by the fluid is divided into discrete cells (the mesh). The mesh may be 

uniform or non-uniform.
 The physical modeling is defined – for example, the equations of motion + enthalpy + radiation + 

species conservation
 Boundary conditions are defined. This involves specifying the fluid behavior and properties at the 

boundaries of the problem. For transient problems, the initial conditions are also defined

 Simulation
 The simulation is started and the equations are solved iteratively as a steady-state or transient

 Post-processing
 Finally a postprocessor is used for the analysis and visualization of the resulting solution.

* Reference: Stadt Towing Tank, Ship and Ocean Industries R&D Center in Taiwan
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Computational Fluid Dynamics (CFD) (3/3)

 Methodology for CFD
 Discretization methods: Finite volume method, Finite element method, Finite 

difference method, Spectral element method, Boundary element method, High-
resolution discretization schemes, etc.

 Turbulence models: Reynolds-averaged Navier-Stokes, Large eddy simulation, 
Detached eddy simulation, Direct numerical simulation, Coherent vortex 
simulation, Probability density function methods, Vortex method, Vorticity
confinement method, Linear eddy model, etc.

 Two-phase flow

Computed breaking bow wave Computed pressure and axial velocity
distributions in stern regions

* Reference: Danish Centre for Maritime Technology
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Maneuvering Performance
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Maneuverability

 Key measures of maneuvering capability
 Turning ability
 Course changing and Yaw checking ability
 Stopping ability
 Straight line stability and course keeping ability

 A hydrodynamic derivatives of ship are required to predict 
numerically its maneuvering capability.
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Methods for Estimating Maneuvering Capability 

 Regression Analysis Results from Similar Ships (Semi-empirical 
Methods)

 Theoretical Prediction Methods

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

 Full Scale Tests
 Tests of adherence to classification society standard
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Standards and Criteria of Maneuverability

* Reference: ABS, Guide for Vessel Maneuverability, 2006

Note) 1: For large, low powered vessels, TR < 20L. 2: Applicable only for path-unstable vessels.
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Types of Straight Line Stability

* Reference: SNAME PNA, Vol. III
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Necessity of Hydrodynamic Derivatives in Theoretical 
Prediction Methods

 The hydrodynamic derivatives should be determined to 
truly measure maneuvering capability.

 The velocity derivatives are required to assess stability.

 The acceleration derivatives are required to determine 
the magnitude of the stability indices.

 Additionally, the control surface derivatives are needed 
to compute trajectory of a ship.
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Model Tests

 Objective: To predict maneuvering capability or to 
determine hydrodynamic derivatives for the used for 
theoretical prediction methods

 Types of Model Tests
 Straight line test
 Rotating arm test
 Planar Motion Mechanism (PMM) test
 Free running (radio controlled) model test
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Model Test
- Straight Line Test
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* Reference: MARIN, Stadt Towing Tank
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Model Test
- Rotating Arm Test

* Reference: Australian Maritime College
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Model Test
- Planar Motion Mechanism (PMM) Test

* Reference: Ghent University, National Research Counsel Canada, Davidson Laboratory at Stevens
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Model Test
- Free Running (Radio Controlled) Model Test

* Reference: University of Iowa
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Full Scale Maneuvering Tests

 Standard Tests
 Turning circle test
 10/10 zig-zag test
 20/20 zig-zag test
 Crash stop test

Non-standard Tests
 Pull out test
 Simplified spiral test
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Standard Maneuvering Tests
- Turning Circle Test

 Measure of the ability to turn 
the ship using hard over rudder 
to determine:
 Minimum advance at 90°

change of heading 
 Transfer
 Tactical diameter: Transfer at 

180° change of heading
 Speed lost in turn
 Max roll angle
 Peak & final yaw rate

 Performed to both starboard 
and port

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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Standard Maneuvering Tests
- 10/10 & 20/20 Zig-Zag Tests

 Initial turning
 Change of heading response to a moderate rudder control, measured using: 

Distance traveled before course change, Time to 2nd execute

 Course changing & yaw checking
 Measure of the response to counter-rudder applied in a certain state of turning 

using heading overshoot using 1st and 2nd overshoot angles. Done at 10° & 20°

 This test is to be done to both port and starboard.

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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Standard Maneuvering Tests
- Stopping Ability Test

 Engine stop and full astern maneuver 
performed after a steady approach at 
test speed to measure:
 Track reach: Distance along the ship’s 

track that the ship covers from the 
moment that the “full astern” command 
was given until ahead speed changes 
sign

 Head reach: Distance along the 
direction of the course at the moment 
when the “full astern” command was 
given. The distance is measured from 
the moment when the “full astern” 
command was given until the ship is 
stopped dead in the water.

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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Non-standard Maneuvering Tests
- Pull Out Test

 This test allows for the 
determination of whether a 
ship is dynamically stable and 
able to keep the course.
 After the completion of the turning 

circle test, the rudder is returned 
to neutral position, (zero for twin 
screw vessels, may not equal to 
zero for single screw vessels) and 
kept there until a steady turning 
rate is obtained.

 That is, residual turning rate 
after return to zero rudder are 
used to assess whether a ship 
is straight line stable or not.

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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Non-standard Maneuvering Tests
- Simplified Spiral Test (1/2)

 If the ship is found to be straight line unstable by the pull-out test, one 
of spiral tests may also be performed.

 Direct spiral maneuver (Dieudonné Spiral)
 The ship is brought to a steady course and speed according to the specific 

initial condition.
 The recording of data starts.
 The rudder is turned about 15 degrees and held until the yaw rate remains 

constant for approximately one minute.
 The rudder angle is then decreased in approximately 5 degree increments. At 

each increment the rudder is held fixed until a steady yaw rate is obtained, 
measured and then decreased again.

 This is repeated for different rudder angles starting from large angles to both 
port and starboard.

 When a sufficient number of points is defined, data recording stops.

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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Non-standard Maneuvering Tests
- Simplified Spiral Test (2/2)

 Reverse spiral (Bech Spiral) test
 The ship is steered to obtain a constant 

yaw rate.
 The mean rudder angle to produce this 

yaw rate is measured.
 This is repeated for several yaw rates, and 

the curve of yaw rate vs. rudder angle is 
created.

 More rapid method than direct spiral test
 It requires very accurate yaw rate 

measurement instrument.

Relation between Rudder Angle and
Yaw (Turn) Rate for Straight line Unstable Ship

* Reference: ABS, Guide for Vessel Maneuverability, 2006
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3.5 Generation of Hull Form Surface
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Structural 
analysis (CAE)

Analysis result

Ship Shape (“Hull Form”) Design

Section curve design

Basis ship data

Fairing

Resistance
experiment
result

CFD

Hull form surface

Hull form design Hull Structure Design

Curve network

Dimensional variation

Hull structure
design

Frame lines

Model test
Shape data

* CFD: Computational Fluid Dynamics, CAE: Computer-Aided Engineering
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Needs of the Hull Surface Modeling

 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.

 For this, we need the hull surface modeling not hull curve modeling.
 Furthermore, the estimation of the cost and duration of the construction,

the jig information for the fixed curved block can be estimated.

Stiffeners for
preventing
the deformation

Joint angle

Base line for assembly

breadth

Joint line for
web frames

Curved 
block
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 Intersection 
between surfaces 
and plane
 Validation of the 

fairness

Find: Smooth hull form surfaces

Detailed design
/ Production design

Requirements
 In the form of Bicubic B-spline

surface patches
 Max. distance error between given 

curve network and generated
surface < tolerance*
 Smoothness: exact or close to G1**

* Acceptable tolerance in shipbuilding industry is about 3~5 mm.
** G1 means geometric continuity or tangential plane continuity. IntelliShip requires exact G1 hull form surfaces.

5,000~1,000 mm

Within 3~5 mm

 Irregular topology
 In the form of non-

uniform B-spline 
curves

Given: Curve network

Initial hull 
form design

Automatic Automatic 
generation 
of hull form 

surface

Quality Requirement of a Hull Form Surface
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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 Piecewise patch approach

Advantage
• Easy to represent the hull surface
• Mathematically, the 2nd derivatives are  

continuous at all points on the surface(C2)

• Suitable for representing the complicated free 
form surface

• Able to represent the knuckle curve

Disadvantage
• A single patch approach cannot exactly 

represent a complex shape in the bow 
and stern parts and also knuckle curve.

• It should satisfy the complicated continuity 
equations for tangential plane to generate a fine 
hull form surface.

• It needs a special method to handle the region 
which is not rectangle.
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Hull form design

Model test

CFD*

Resistance
experiment 

result

Compartment design Hull structure design

Ship calculation
result

Structural
analysis result

Ship calculation Finite element analysis

Computational

(CAD* Model)

Computational
Model

(CAD* Model)

Shape data

Computational

(CAD Model)

Computational
Model

(CAD Model)

Shape data

Computational

(CAD Model)

Computational
Model

(CAD Model)

Shape data

Lines G/A
(General Arrangement)

M/S
(Midship Section)

Initial or Basic Design Stage of a Ship

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

EzSTRUCT
system

IntelliShip
system

AVEVA
Marine

(TRIBON)
system

Design Stages and CAD Systems for a Ship

Initial/basic design Detailed design Production design

Detailed model
of a whole hull structure

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

The CAD model can be generated
in the initial design stage.

The CAD model is generated
in the detailed design stage.

Production model of a building block unit

The CAD model is  generated 
in the production design stage

Block division drawing

Block division drawing

Block division drawing

Generation of the production
material information

Production model of
a building block unit

Production
drawing

* TRIBON: CAD system (the exclusive use of shipbuilding), developed by Product of TRIBON Solution in Sweden
* 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
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Modeling Stages of the Initial or Basic Design

Conceptual 
design

Hull form 
modeling

Compartment
modeling

Determination of
principal 

dimensions Input of
basis hull form

Variation of
hull form

Fairing of hull form

Definition of
ship compartment 

Ship calculation

Transformation of 
compartment model 

to initial hull 
structural model

Modeling of 
longitudinal 

structure system

Modeling of 
transverse 

structure system

 Longi. plate
 Longi. stiffeners
 Detailed longi. 

parts

 Trans. plate
 Trans. stiffeners
 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

Completion of
hull form model

Generation of 
compartment model

Hull structure modeling
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3.6 Appendage Design
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Appendage Design
- Example of a Propeller

 Ship: 4,900 TEU Container Ship
 Owner: NYK, Japan
 Shipyard: HHI (2007.7.20)
 Diameter: 8.3 m
 Weight: 83.3 ton
 No of Blades: 5
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Appendage Design
- Propeller
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Appendage Design
- Design of Bolster, Anchor Pocket, and Rudder

Anchor PocketBolster

Rudder
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3.7 Examples of Hull Form Design
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Hull Form Design of a 320K VLCC 

Item Value Remark

Principal
Dimensions

LOA 332.0 m

LBP 320.0 m

B 60.0 m

D 30.5 m

Td / Ts 21.0 / 22.5 m

Cargo Capacity 320,000 MT at Ts

Speed 16 knots at Td

Main Engine

Type SULZER 7RTA84T-D

MCR 39,060 PS x 76.0 rpm 

NCR 35,150 PS x 73.4 rpm

Propeller Diameter 10.2 m

Principal Particulars
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Hull Form Design of a 320K VLCC
- Wireframe Model
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Hull Form Design of a 320K VLCC
- Surface Model
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Hull Form Design of a 320K VLCC
- CP Curve
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Hull Form Design of a 145K CBM LNGC

Principal Particulars

Item Value Remark

Principal
Dimensions

LOA 282.6 m

LBP 271.6 m

B 43.4 m

D 26.5 m

Td / Ts 11.3 / 12.0 m

Cargo Capacity 145,216 CBM at Td

Speed 20.2 knots at Td

Main Engine

Type Mitsubishi MS 40-2

MCR 38,709 PS x 83.0 rpm 

NCR 34,838 PS x 80.0 rpm

Propeller Diameter 8.28 m
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Hull Form Design of a 145K CMB LNGC
- Wireframe Model
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Hull Form Design of a 145K CMB LNGC
- Surface Model
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Hull Form Design of a 182K Bulk Carrier

Principal Particulars

Item Value Remark

Principal
Dimensions

LOA 292.85 m

LBP 282.7 m

B 46.7 m

D 25.8 m

Td / Ts 17.9 / 17.9 m

Cargo Capacity 182,000 MT at Td

Speed 14.5 knots at Td

Main Engine

Type B&W 7S60MC-C

MCR 17,940 BHP x 93.0 rpm 

NCR 15,249 BHP x 84.5 rpm

Propeller Diameter 7.91 m
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Hull Form Design of a 182K Bulk Carrier
- Wireframe Model
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Hull Form Design of a 182K Bulk Carrier
- Surface Model
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Hull Form Design of a 9,000 TEU Container Ship

Principal Particulars

Item Value Remark

Principal
Dimensions

LOA 356.18 m

LBP 341.18 m

B 45.3 m

D 27.0 m

Td / Ts 14.0 / 14.0 m

Cargo Capacity 9,012 TEU at Td

Speed 25.0 knots at Td

Main Engine

Type HSD B&W 12K98MC-C

MCR 91,491 PS x 94.0 rpm 

NCR 77,767 PS x 89.0 rpm

Propeller Diameter 9.70 m
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Hull Form Design of a 9,000 TEU Container Ship
- Wireframe Model
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Hull Form Design of a 9,000 TEU Container Ship
- Surface Model
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Hull Form Design of a Container Ship
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Hull Form Design of a Guided Missile Destroyer
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Hull Form Design of a Submarine
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Hull Form Design of a 100,000 ton
Nimitz Class Aircraft Carrier


