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B A capstone design that integrates each functional area of the
naval architecture and emphasizes the role of strategic

planning

B The capstone design in this course is the Design
Project in which each team performs a ship design,
complete in all major respects.
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Main Events of Shipbuilding

Month
Event . . . . . .
o (From steet cutting) | | Shipyards offer financing schemes in which
Contract 12 the ship owner pays at the main events.
Steel Cutting 0
Keel Laying 3 / \ -
Surve =
Launching 6 Ship owner, aaki A Classification Society,
Delivery 9 Classification Society Customs
*The month is an example Design
Department S/C ]

Q% ( Assembly )

____ (an) J(Pre-outfitting [ e | [ b
[Contract]" Planning n’[ K/L ] g Outfitting)VK Trial ) '( A/S )
Marketing Production (BOM/POR) Quay See Trial .
Department Planning ( Material > ( Erection ) Outfitting & De/pé/:tragnt SBIP Wrirrr:ag’;y
Department rocuremen Production ; cpartme
Receiving ( Outfit ) Department
inspection -
Material Production
Issuing Department
Procurement
Department

*S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching, D/L: Delivery
* BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control
*A/S: After Sales Service



Main Events of Shipbuilding

Event Month
(From Steel Cutting)
Contract -12
Steel Cutting 0

Keel Laying 3 m\ -

Launching 6 Ship owner, — Classification Society,

Delivery 9 Classification Society Customs

*The month is an example Design
Department S/C ]

QM ( Assembly )

[ ot ].»(Productlon\ (Plan) w_@re'OUtﬁttinQ _[ — m

Ship Warranty
contra ct Department

Trlal g
Planning / “—[ ] Outf1tt1ng ) ( )
Mark>ting Production | (BOM1POR) KL : Quay See Trial A/S
Depart t

: Contract is the signing the agreement between
shipyard and ship owner for the actual
construction of the ship.

By —p— Prior to the signing the contract, the shipping company,
*S/C: Steel Cutting, | ¢ P f
* BOM: Bill Of Mater financer and future owners have completed a long road o

negotiations and considerations trol
“A/S: After Sales Ser €Y .




Main Events of Shipbuilding

— Steel Cutting
Event (From Steel Cutting) : Steel Cutting is the process that steel
Contract 12 plates and stiffeners are cut according
Steel Cutting 0 to the manufacturing plans.
Keel Laying 3 -
Launching 6 Ship owner, Classification Society
Delivery 9 Classification Societ Customs
*The month is an example Design \\/
Department [ S/C
Design )
Q 8 (Assembly
TR (Plan) w_ére-outfitting
[ Contract ]" : A
Planning (BOM/POR) —[ K/L
Marketing Production
Department Planning @Am C Erection
Department rocuremen
Receiving ( QOutfit
inspection
Material
Issuing
Procurement
Department

*S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching, D/L: Delivery
* BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control
*A/S: After Sales Service



Main Events of Shipbuilding

Event Month
(From Steel Cutting)
Contract -12
Steel Cutting 0
Keel Laying 3
Launching 6 Ship owner,
Delivery 9 Classification Society
*The month is an example Design
Department [ S/C
Design o
Qg Assembly  # ‘ R
[ p— ]_> S (Plan) | (Pre-outfitting) L/C TR D/L
indrele Planning / BOMIPOR lr[ K/L ] Outf1ttmg> & fnat ( A/S )
Marketing Production ( ) Quay See Trial i
Department Planning Material Outfitting & Department Ship Warranty
Department rocuremen roduction /QA,QC Department
Receiving *
inspection 3
Material Keel Lay]ng
Issuing . Keel Laying is moving the first
Procurement

Department block into the dry dock to
assemble the whole ship.

*S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching,
* BOM: Bill Of Material, POR: Purchase Order Request, AL QUAtity ASSUTrarncc, Yo, Quatity CUTitrut
*A/S: After Sales Service




Main Events of Shipbuilding

Month .
Event (From Steel Cutting) LiunChr:ngg(L/C)
: Launching is
Contract -12 ) .
Steel Cutting 0 conveying(transporting) a
keel Laying 3 o new ship from building site to
Launching 6 Shipowner S water.
Delivery 9 Classification Society Float-out method is used for ships
that are built in drydocks and then
“The month is an example |  Design floated by admitting water into
Department S/C

(Design\ [/

] e dock.
i
G rETRIe T

Pro
[ Contract ]"( PL.

Outfitting

Marketing E Quay See Trial _
Department F Outfitting & Department Ship Warranty
De Production /QA,QC Department
Department
LAUNCHING nt
SETTIMG FOSITION...

*S/C: Steel Cutting, K. livery
* BOM: Bill Of Material \lity Assurance, QC: Quality Control

*A/S: After Sales Service



Main Events of Shipbuilding

Event Month
(From Steel Cutting)
Contract -12
Steel Cutting 0
Keel Layin 3 / \ -
e . | Survey ) - e .
Launching 6 Ship owner, Classification Society,
Delivery 9 Classification Society Customs
*The month is an example Design
Department S/C ]
Design
Qﬁ ( Assembly )
I (pan) J(Pre-outfitting) | e | —— || b
[ Contract ]_> Planning BOM/POR ) K/L ] g Outfitting> Vk Trial J "
Marketing Production ( ) Quay See Trial
Warranty

[
Department Planning Material ( Erection ) Outfitting & Department
Department rocuremen ( Dradiiction /QA,QC

artment
Receiving Outfit .
inspection ;’md‘ucti; Delivery(D/L)
e, pepartment| - After production is completed,
Procurement the ship is transferred to the
Department

ship owner.

*S/C: Steel Cutting, K/L: Keel Laying, L/C: Launching, D/L: Delivery

* BOM: Bill Of Material, POR: Purchase Order Request, QA: Quality Assurance, QC: Quality Control
*A/S: After Sales Service




Shipbuilding Workflow

. fiaatir Ve serannnnns . s/C K/L F/L L/C D/L
5 Hull Form/General . | | | | | | | | | | N | | '
: Arrangement/ -7 -6 5 -4 3 za i BL 0 2 3 4 5 6 B 8l 3'

Preliminary Structural Design 5:. aa Preproduction e Production N
* ALLASETALLIEES aSiC De N\ . 1
) = « General erangement, S/C: Steel Cuthg
Design & « specifications | In general, Key-plan and K/L : Keel Laying
. ope F/L : Floating
Trl m & Stabl l]ty L/C: Launching
- Detailed - D/L : Deliver
Calculation Sheet are - y
Block Division \ submitted to ship owner
«Erection Sequence .. . .
Process and classification society,
Planning L and get approval from
them
: Master Schedule hop/Z
Scheduling] |, master Schedule § Shop/Zc about 9 mpnths before
Plan steel cutting.
Work Management
& Work Management & Process Control
Process Control « Work Date, Individual Workload, Job Order
Material Main equipment Steel Supply .. .
Management Supply and Demand ) and Demand Plan) Timing of purchase order of mater@
Material Issuing & Supply >
S '\0‘560{1/
Ship Design, 1. Shipbuilding Schedule, Spring 2012, Kyu Yeul Lee ﬁ@?@”ﬂt"’”a’ §d9”é’|_5’"’/3 Design Automation tab. 13

Univ. http.//asdal.snu.ac.kr




Naval Architecture & Ocean Engineering

Chapter 2. Design Equations
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2-1 Owner’s Requirements
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Owner’s Requirements

7 Owner's Eequwements

B Ship’s Type
B Deadweight(DWT)

B Cargo Hold Capacity(V..)

® Cargo Capacity: Cargo Hold Volume / Containers in Hold & on Deck / Car Deck Area.

® Water Ballast Capacity.

B Service Speed (V,)
® Service Speed at Design Draft with Sea Margin, MCR/NCR Engine Power & RPM.

B Dimensional Limitations : Panama canal, Suez canal, Strait of Malacca, St. Lawrence Seaway,

Port limitations.
B Maximum Draft(T,,,)
B Daily Fuel Oil Consumption(DFOC) : Related with ship’s economy.

B Special Requirements
® Ice Class, Air Draft, Bow/Stern Thruster, Special Rudder, Twin Skeg.

B Delivery Day
® Delivery day, with ( )$ penalty per delayed day.
® Abt. 21 months from contract.

B The Price of a ship
® Material & Equipment Cost + Construction Cost + Additional Cost + Margin.

SUERR oo/
R, Seous
a National

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee ﬁ@}(ﬁuﬂm
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Principal Particulars of a Basis Ship

At early design stage, there are few data available to
determine the principal particulars of the design ship.
Therefore, initial values of the principal particulars can
be estimated from the basis ship (called also as ‘parent
ship’ or ‘mother ship’), whose main dimensional ratios
and hull form coefficients are similar with the ship
being designed.

The principal particulars include main dimensions, hull
form coefficients, speed and engine power, DFOC,
capacity, cruising range, crew, class, etc.

Example) VLCC(Very Large Crude Carrier)

308.000DWT 318.000DWT

ﬁzgiﬁ/{gﬂa/ S AL ; p :
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee %@%}Unm Advanced Shio Design Automation Lab.
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Principal Dimensions & Hull Form Coefficients

The principal dimensions and hull form coefficients
decide many characteristics of a ship, e.g. stability, cargo
hold capacity, resistance, propulsion, power requirements,
and economic efficiency.

Therefore, the determination of the principal dimensions
and hull form coefficients is most important in the ship
design.

The length L, breadth B, depth D, immersed depth(draft) T,
and block coefficient C; should be determined first.

sz g

LY
. o SR e - 18
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee E;@ Univ. ht //asda[snu.ggi/gn Automation Lab.




2-2 Design Constraints
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Design Constraints

In the ship design, the principal dimensions cannot be determined
arbitrarily; rather, they have to satisfy following design constraints:

1) Physical constraint
- Floatability : Hydrostatic equilibrium -> “Weight Equation”

2) Economical constraints

- Owner’s requirements
Ship’s type, Deadweight(DWT)[7or],

Cargo hold capacity (V. )[77] -> “Volume Equation"

Service speed (Vy)[4nots] -> Daily fuel oil consumption(DFOC)won )

Maximum draft(T.)[7],

Limitations of main dimensions(Canals, Sea way, Strait, Port limitations

:e.g. Panama canal, Suez canal, St. Lawrence Seaway, Strait of Malacca,
Endurance[n.mY], 1) n.m = nautical mile

3) Regulatory constraints 1n.m = 1.852 km

International Maritime Organization [IMO] regulations,

International Convention for the Safety Of Life At Sea[SOLAS],

International Convention for the Prevention of Marin Pollution from ShipsIlMARPOL],
International Convention on Load Lines[ICLL]

Rules and Regulations of Classification Societies

188 (@ 3DA -
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee E U ﬁgp //asd: O 51alp Design Automation Lab.




2-3 Physical Constraints
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Physical constraint

e Physical constraint

- Floatability

For a ship to float in sea water, the total weight of the ship(W)
must be equal to the buoyant force(F;) on the immersed body
—Hydrostatic equilibrium :

FB =\WVW @

W = LWT + DWT

*Lightweight(LIWT) reflects the weight of vessel being ready to go to sea without cargo and
loads. And lightweight can be composed of:
LWT = Structural weight + Outfit weight + Machinery weight

*Deadweight(DWT) is the weight that a ship can load till the maximum allowable immersion(at

the scantling draft(T)).
And deadweight can be composed of:
DWT= Payload+ Fuel oil + Diesel oil+ Fresh water +Ballast water + etc.

'”‘“Eii’if’ . AL
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee E Uni hﬂp// ceq Ship Design Automation Lab.
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(L.H.S) What is the buoyant force(Fg)?

o Physical constraint : hydrostatic equilibrium
=W ..Q)
W = LWT + DWT

V : the immersed volume of the ship.
p : density of sea water = 1.025 Mg/m?3

According to the Archimedes’ principle,

the buoyant force on an immersed body has the same
magnitude as the weight of the fluid displaced by the body.

Fe=9-p-V

In shipbuilding and shipping
society, those are called as
follows :

Volume DJ‘> Displacement volume V

Mass

) Displacement mass A,

v

> Displacement A

Buoyant Force is the weight of the displaced fluid.

In shipbuilding and shipping society, buoyant force is called in

another word, displacement(2).

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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2-4 Weight Equation
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V : immersed volume

o o Vo : VOlume of box
Block coefficient(C;)
Does a ship or an airplane usually have They have a streamlined shape.

box shape?
No.
/

B

A

./ Why does a ship or an airplane has a streamlined shape?

They have a streamlined shape to minimize the drag force experienced

when they travel, so that the propulsion engine needs a smaller power
output to achieve the same speed.

> »

<« »

B
Block coefficient(C;) is the ratio of the immersed volume to the box
bounded by L, B, T.

vV __V
V, L-B-T

CB

(0)§



V : immersed volume

Shell Appendage Allowance Comgm L et sty

i O © ffiCieNt

The immersed volume of the ship can be expressed by block coefficient.

\ olded — L-B-T 'CB

m

In general, we have to consider the displacement of shell plating and
appendages such as propeller, rudder, shaft, etc. additionally.
Thus, The total immersed volume of the ship can be expressed as

following: V.. =L:-B-T 'CB ' (1‘|‘ 05)

total
Where the hull dimensions length L, beam B, and draft T are the molded
dimensions of the immerged hull to the inside of the shell plating,

thus a is a fraction of the shell appendage allowance which adapts the
molded volume to the actual volume by accounting for the volume of

the shell plating and appendages (typically about 0.002~0.0025 for large
vessels).

[> FB :g'p'vtotal =p-g-L-B-T-CB-(1—I—0()




DESign Eq uations ' Physical constraint : hydrostatic equilibrium

) ; F=W ()
- Weight Equation (RH.S)W = LWT - DWT

(LHS) F;,=p-g:-L-B-T-C;-(1+ )

p : density of sea water = 1.025 Mg/m?3

a : displacement of shell, stern and appendages
Cg : block coefficient

g : gravitational acceleration

p-g-L-B-T-C,-(1+a)=LWT + DWT..(2)

The equation (2) describes the physical constraint to be satisfied in ship
design.

4
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¢ Physical constraint : hydrostatic equilibrium

Unit of the Lightweight and Deadweight Fy =W )

0-g-L-B-T-C,-(1+@)=LWT + DWT --(2)

1
(ié What is the unit of the lightweight and deadweight ?

'{% t@z{}‘ Nl DAL - e ' 28
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Weight vs Mass

Question: Are the “weight” and “mass” the same?‘i

Answer : No!
Mass is a measure of the amount of matter in an object.

Weight is a measure of the force on the object caused by
the universal gravitational force.

) o Mass = 120 kg
Gravity causes weight ﬂ o= 120,10
Mass of an object does not change , but EFS*!

its weight can change. I
‘J 625m/%

gmoon — 1 625 1 Mass = 120 kg

' = Weight = 200 M
But the astronaut’s mass does not change. g.. 981 6

For example, an astronaut’s weight on the
moon is one-sixth of that on the Earth.

0,..on - Qravitational acceleration on the moon

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee .. - Qravitational acceleration on the earth tomation Lab. 29




e Physical constraint : hydrostatic equilibrium

Design Equations s "
- Mass Equation | ,

In shipping and shipbuilding world, “ton” is used instead of
“Mg (mega gram)” for the unit of the lightweight and
deadweight in practice.

Actually, however, the weight equation is “mass equation”.

ATTENTION

p-L-B-T-C,-(1+a)=LWT +DWT  -(3)

“Mass equation”

where ,0 = 1.025 Mg/m3

e 3 Seo /
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2-5 Volume Equation
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Economical constraints :Required Cargo Hold Capacity

- Volume Eguation

eEconomical constraints

- Owner's requirements (Cargo hold capacity[m?3])
- The main dimensions have to satisfy the required cargo hold
capacity (V).

V., = f(L,B,D)

: Volume equation of a ship

- It is checked whether the depth will allow the required cargo hold

capacity.

>
QL‘{ A iat/a/na/ DAL » p ;
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee i@%&u,w e ik, Sesign Automation La
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2-6 Service Speed & DFOC
(Daily Fuel Oil Consumption)

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Economical constraints :Required DFOC (Daily Fuel Oil Consumption)
- Hull Form Design and Hydrodynamic Performance Equation

MGoal : Meet the Required DFOC

At first, we have to estimate
total calm-water resistance
of a ship

EE)  ship speed (v,
« Total calm-water

resistance (R(V))

EHP R W}V re—— e AR SO

S

Propeller Shaft

Then, the required brake horse:
power (BHP) can be predicted | ¥
by estimating propeller i Propeller BHP Diesel engine
efficiency, hull efficiency, -
relative rotative efficiency,

shaft transmission efficiency,

sea margin, and engine margin.

>

188 (@ 3DA
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Economical constraints : Required DFOC (Daily Fuel Oil Consumption)
- Propeller and Engine Selection

(® EHP (Effective Horse Power)
EHP 5 R, (V). (in calm water) <: Resistance estimation G s

.Tﬂtétcatm-water
2 DHP (Delivered Horse Power) A e
EHP ( 775: Propulsive efficiency)
DHP = | —n
; o = Mo "M " TIr
Tlo 1o : Open water efficiency

Iy : Hull efficiency

713 : Relative rotative efficiency{% Propeller efﬁCiency

@ BHP (Brake Horse Power)

Thrust deduction and wake (due

DHP to additional resistance by
BHP = ( 777 : Transmission efficiency) propeller)
Tl Hull-propeller interaction

@ NCR (Normal Continuous Rating)

NCR = BHP (14 22 Margine,
100
(5 DMCR (Derated Maximum Continuous Rating) —
NCR E
DMCR = . . -
Engine Margin > Engine Selection :
® NMCR (Nominal Maximum Continuous Rating) l -
DMCR =0 T do |
NMCR == <:| 1 LI %7 H ‘
Derating rate Engine Data | B
i, =T 35 .......




2-7 Regulatory constraints
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1) Regulatory constraints : Organizations

M International Maritime Organizations(IMO)
B International Labour Organizations (ILO)

B Regional Organizations (EU,...)

B Administrations (Flag, Port)

B Classification Societies

B International Standard Organizations (ISO)

E%
NS

¥ NCDAL o
. . . . . Y1 National ‘ B i
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Rules and Regulations : IMO

Rules and Regulations - IMO

IMO

(International Maritime
Organization)
Conventions, Circulars,

Protocol, Codes .
166 Member States 3 Associate

- P ROR §
rain NI NE

National Rules and Regulations

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee ln‘tp// ‘asdal snu.ac.ki

dShpD sign Automation Lab.
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Rules and Regulations - IMO Instruments

Rules and Regulations — IMO Instruments

M Conventions
B SOLAS / MARPOL / ICLL / COLREG / ITC / AFS / BWM
M Protocols
B MARPOL Protocol 1997 / ICLL Protocol 1988
M Codes
mISM/LSA/IBC/IMDG/IGC/BCH/BC/GC......
M Resolutions
B Assembly / MSC / MEPC
M Circulars
B MSC / MEPC / Sub-committees ......

9‘5/

. . . . . gﬁﬂ N al
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee

@355
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2) Classification Society

Rules & Regulations — IACS

M 10 Members

ABS (American Bureau of Shipping)

DNV (Det Norske Veritas)

LR (Lloyd’s Register)

BV (Bureau Veritas)

GL (Germanischer Lloyd)

KR (Korean Register of Shipping)

RINA (Registro Italiano Navale)

NK (Nippon Kaiji Kyokai)

RRS (Russian Maritime Register of Shipping)
CCS (China Classification Society)

M 2 Associate Members
B CRS (Croatian Register of Shipping)
B IRS (Indian Register of Shipping)

Council

General

Permanent
Representativ
e to IMO

Policy
Group

Workin
g Group

JACS

INTERNATIONAL ASSOCIATION
OF CLASSIFICATION SOCIETIES

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee

on Lab. 40




2-8 Required Freeboard
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2.8 Required Freeboard of ICLL 1966

e Regulatory constraints '
- International Convention on Load Lines(ICLL)1966 FP ¢ I
_|_

T

mid

De, =T 2 Fby, (LB, Dy, Cp) Pro = P

: Freeboard Equation

v Check: Actual freeboard(Dy;, — T) of a ship should not be less
than the freeboard required by the ICLL 1966 regulation(Fb;;;).

Freeboard(Fb) means the distance between the water surface and the top of the
deck at the side(at the deck line). It includes the thickness of freeboard deck
plating.

- The freeboard is closely related to the draught.
A 'freeboard calculation' in accordance with the regulation determines

whether the desired depth is permissible.



2-9 Required Stability
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Definition of GZ(Righting Arm)

T =0GZ -k

- Overview of Ship Stability

7, : Righting Moment

GZ : Righting Arm

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Required GZ in Damaged condition

Compartment3| . .
] Immersion + Trim + Heel

¢

v To measure the damage stability, calculate the GZ curves of this damage
case by calculating the new center of buoyancy and center of mass.

GZ curve

h
7 |
|
I

1
] il i i
10 20 30 40 50

Heeling Angle

Oe : Equilibrium heel angle.

Gv : v =minimum(@f,60)

(in this case, v equals to 6o)
GZ,., : Maximum value of GZ.
Range : Range of positive righting
arm.

Flooding stage : Discrete step
during the flooding process.

0f . angle of flooding (righting arm becomes negative)
6o : angle at which an “opening"” incapable of being closed weathertight becomes submerged.

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Naval Architecture & Ocean Engineering

2-10 Structural Design in accordance
with the Rule of the Classification
Society

SDAL

http://asdal.snu.ac.kr
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Regulatory Constraint : . ouy : Actual Stress
Ship Structural Design in accordance with cause T T &

Stress
AL
Shear Force: V (x) — X
) ) Bending Moment: M (x) -
® Ship Structural Design Deflection : y(x)
< . y “ f (X) M
(5 ‘relations’ of load, S.F., RV (%)
€, i X
o , (
(”}what is designer’s major interest? WO _ dM(X) e T uﬁ»' 1 \ >
dx 1 ! J
d?y() y(x)
® Safe E e =M X
Won’ " fail under the 2
[nad? Lﬁ}what is our interest?
a Shi [} safety . Stress should meet :
. P } gIObaI Won't it fail under the o . <o whereo. =M _M
a stiffener } ocal load? act = € L2
oca
a plate ° Geometry . Differential equations of the defection curve
. How much it would be El d*y() _ —f(x)
7 a Shlp bent under the load? dx*
(;-0.'; what kinds of load f cause hull girder moment? f()=f (x)+ 1, (X)
O < O _ |MS + MW| , | Mg = Still water bending moment V() =Vs (0 +Vyy (X)
act. = Y| Oact. = 7 M,y = Vertical wave bending moment M (X) = Mg (x) +M,, (X)
mid
i ) : . ; fw(X) : load in wave
Hydrostatics fs(X) _ Ioag in still water Hydrodynamics W dded mass + diffraction
= weight + buoyancy + damping + Froude-Krylov + mass iner
:load in still water STATIC HEAVE FOIGE BOMEONENTS * load in wave DYNAMIC HEAVE FORCE COMPONENTS
fs () (o PRI WaR B w (%) e RIS
. W9 __———__buoyancy X A
§ V0= Jo fsCaax | 1 N Vo 00 = [ X | &
/ 8 ° ' % \Z 2 " LE
VS (X) : still water shear force| - J}/'/ Sl VW (X) : wave shear force g | _A N
Mg (x) = | Vs(dx | & My, () = [ Vo, ()dX] £
\ ° oA rina \ ° Y| demping _F massinertia
weight euuciurel weigh ~ F.K __
M g (X) still water bending P % W 1‘251_,1\1:?[0'\73 6 4 2 o MW (X) vertical wave bendirlg S S 1l2$TA‘1‘(')IONA 6 -4 2 0
moment moment J




a ship } global

a stiffener

a plate } ocal

a ShlP Ya Hydrostatics, Hydrodynamics

Z _|> f(X) f’PNr\
" yﬂvf‘f A‘“‘\{L T X
7° L

Actual stress on midship section should e How we can meet the
be less than allowable stress rule?

O-act. < allow M i

‘Midship design’ is to

v O et 7

mid

M;+M,  arrange the structural

lsion.a/Ys  members and fix the

Allowable stress by Rule : (for example) thickness of them to
, e =175F, [N/mm?]  secure enough section

moduluc o the rula

<Midship section>

% Upper Deck

[TT]

R

N.A,(=Y)

Yo | 2Yi ¢
lmul T B.L.

, M, : vertical wave bending moment
, M, :still water bending moment
+Lshipn.a. - moment of inertia from N.A. of Midship section

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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2-11 Hydrostatic and

Hydrodynamic

Forces acting on a Ship in Waves

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Equations of Motion of a Fluid Element(Cauchy eq. ~ Bernoulli eq.)

v'Equations of motion H Lagrangian & )
of a Fluid Element Eulerian Description S aee Euill & Reraien
L—
Newton’s 2"d Law = :
F > S"F - (Body force Cauchy Navier-Stokes Euler Bernoulli
B =Bty equation equation equation equation
+Surface force) @ 3 G ®
| A
Mass @ !
Microscopic/ . Laplace 27 — | oD 1 2
Macroscopic Conservation P . @ Vo =0 NV % P+ —,O‘VCD‘ +P9 7= 0
Derivation(RTT") Equation (V =V ) ! ot 2
Law .
< ! J
@ Newtonian fluid : fluid whose stress versus strain rate curve is linear.
@ Stokes Assumption: Definition of viscosity coefficient(u,A) due to linear deformation and isometric expansion
@ inviscid fluid 1) RTT : Reynold Transport Theorem
r: displacement of a fluid particle with respect to the time
@ irrotational flow V:% ,a:?TZr
t t*
® incompressible flow
- Hydrostatic Pressure. Force and Moment on a Floating Body
¥R o () SDAL
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee %1@%3/3%0"3/ e ik, Sesign Automation Lab. 50




1) Kundu,P.K., Cohen,|.M., Fluid Mechanics 5%, Academic Press,2012

* A Newtonian fluid : fluid whose stress

versus strain rate curve is linear.

**Definition of viscosity coefficient(u,A) due to linear deformation and isometric expansion

Equations of Motion of a Fluid Element and Continuity Equation

Cauchy Equation ;pd_V =pg+Veo ,(V =[u,v, W]T) Continuity 5_,0+V. \ =0
dt Equation ot PV =
(» Newtonian fluid* . .
@ Stokes assumption™ (@ incompressible flow
"""""""" g £ = constant, (ap Oj
Navier-Stolkf:es Equation :pd_V =pg—VP+,u(}V(V-V)+V2Vj ot
(in general form) dt 3 VeV=0
(1= 0)@@ Inviscid fluid ® irrotational flow
v (V=vo)
Euler Equation : pa =pg—VP Laplace 2B — 0
- Equation \4 -
o= p(P) ! ! @ barotropic flow
0= VXV

Euler Equation : 5V
(another form)

+VB=Vxo ,[Bz%q2+gz+fd_P , q2§:u2+V2+W2j

(®) Steady flow
(s
ot

Bernoulli B = Constant

equation i
~9°+gz+|—=C
(2q T +Ip J

along the streamlineg',
and vortex lines

(o =|vel)

..H.n_sl;eady, ...................................................
i""lrrotatlonal flow

Bernoulli aq) 1

equation
(case2) ot

\VCD\ +gz+j—_ F(t)

Newtonian fluid
Stokes assumption
inviscid fluid

(o = constant)

@@ incompressible flow/

4 unsteady flow
irrotational flow

(case1)
Ship Design, 2. Design Equatipaso SRHNIPRL2: K/ F¥etk HeRl Mo

Bernoulli

equation
(case3)

a0 1

|Vc1>| gz+E = F(t)
Yo,

eou/
lational
iv.

@ SDAT
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Meaning of F(t) in Bernoulli Equation
and Gauge Pressure

Bernoulli Equation
8(13 P 1

p

\V®\+gz—Fa)

mn

O0000O
000000

F)
If a fluid element is in staitc equilibrium state
on the free surface (z=0), then

1) Gauge pressure : The net pressure of the difference of
the total pressure and atmospheric pressure

Pt

atrg,
oY V- V'Y V V¥

I

A

<y

] ﬁ’? il

v'What is the pressure on the bottom of an object ?

8CDP

%\Vd)\z gz tam

Bottom
o _p

LV

+ I:)Flmd

P

atm

oD

P
\VCD\ +0z _4
ot
oP +§-PF'“iOI ot —\Vd)\ +09z=0
ot p 2

‘gauge pressure’

od

2o,
~ =0 Vo=0, P=P,,

% In case that R.H.S of Bernoulli equation is expressed
by zero, pressure P means the pressure due to the fluid
which excludes the atmospheric pressure.

o P 1,_/q Pam _
g+;+§\yé\ +9//=F(t) — 7—F(t)

i

If the motion of fluid is small, square term could be neglected.

(Atmospheric pressure(Py,)) = oP n Prwia +E ‘ +9z=0
(Pressure at z=0) ot o,
o0 P 1 R
‘VCD‘ +gz=-2" Pevia =—pP———p92=0
— —_— at 1 3 anl
p p IP T ')SE'OU/ Ulslz
Ship Design, 2. Design EquIl?ﬂFoMﬂtQP?’Ql?uJ@{“FXF@é k%Rl Moment on a Floating Body dynamic Pstatlc f/'if'f"a/ e ik, Sesign Automation Lab.




r : displacement of particle with respect to time v Assumption
v ’a:dir Frx: Froude- krylov force @ Newtonian fluid*
dt dt? F,: Diffraction force @ Stokes Assumption**

Fr: Radiation force o .
RTT : Reynold Transport Theorem ® invicid fluid

Pressure and Force
acting on a Fluid Element

® Incompressible flow

v'Equations of motions | Lagrangian & N
of Fluid Particles Eulerian Description S e— Tl & Rt
L—
TN 'e 7nd } . .
=k I\.l.ewton 5 2% Law Cauchy Navier-Stokes Euler Bernoulli
e [ = 2F = (Body force equation equation equation equation
+ Surface force) @@ @ @@
r=[§,§ 16316416506 ]T Microscopic/ Mass @@ 28 i od 1 2
él:surgtle ,254:?0”4 " Macroscopic Conservation Lapla-ce ®-- Vo= O P — +P +_p‘vq)‘ + pg Z= O
& sway &t pitch Derivation(RTT") Law Equation (V = Vq)) ot 2
£ 'heave & :yaw - | ! | J

(~ Velocity potgntial @ v'Calculation of

Fluid Force

® = @, (Incident wave potential)

+ (DD (Diffraction potential) Linearization
1 2
+®p (Radiation potential) 5 (E” vel ‘OJ
15 P=-pgz—p—
- _/ at

[FFluid (r, r’ r) = J.J.Spnds = I:Buoyancy (r) + I:F.K (r) + I:D (r) + FR (r’ r’ r) ]

iei g
\_ ( Sy : wetted surface Area) )

* A Newtonian fluid : fluid whose stress versus strain rate curve is linear.
- Hvdrostatic Pressure, Force and Moment on a Floating Body _“*Definition of viscosity coefficient(y,A) due to linear deformation and isometric expansion
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Forces acting on a ship in Waves

pi§+P+%chD\2+pgz:0

v' Pressure due to the fluid Elements around the ship in

' 2
\'\'7 ' wave
Static PIERTTEE : Velocity, acceleration, pressure of the fluid elements are
changed due to the motion of fluid, then the pressure of

fluid elements acting on the ship is changed.

=

Linearization

f Incident wave velocity potential (CI), )

v Velocity potential of incoming waves that
are independent of the body motion

v Velocity potential of the disturbance of the
incident waves by the body that is fixed in
positiond

Radiation wave velocity potential ((DR)

v Velocity potential of the waves that are
induced due to the body motions, in the
absence of the incident waves.?

v’ Total Velocity Potential
D, =D, +P, + D,

Superposition theorem

For homogeneous linear PDE,
the superposed solution is
also a solution of the linear
PDE?

D,

ot

Fruia = J‘Lﬁds

=Fic tFex +Fo + R

— ! static

P=-pgz—-p

1) Newman, J.N. , Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp 287
S 2) Erwin Kreyszig, Advanced Engineering Mathematics, Wiley, 2005, Ch 12.1 (pp 535)
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@, : Incident wave velocity potential

@, : Diffraction potential

v" Bernoulli Equation v Laplace Equation

Pressure of the fluid =i ) . ..
elements actingon the = Pavoyaney (N Pey () + Py(r) +P(r, )

shi T |
'I 1 1 1
P I : denamic |
! | | | |

v \Z v v

= FBuoyancy (N+Fe (r) + F(r) +R(rr i)

i | VO =0
/ p%+P+§ﬂVéF+pg220 ‘
O=D, +D,+D,
i | 0 T A
i Linearization . Linear combination Basis soluti
J' . of the Basis solutions asis sotutions
i . L J— . (0D, oD, oD
| Pria (N, 1, F) =—pgz— p— =—pgzi— ,0( l 4 - D — R
PR ot - ' ot ot ot

dF: Infinitesimal force of the fluid

elements acting on the ship PFluid

dS : Infinitesimal Area ( Sg: wetted surface)

N : Normal vector of the
infinitesimal Area

r=[6d 8nd sl

Integration over the wetted surface area of the ship
(Forces and moments acting on the ship due to the fluid elements)
& surge &, :roll

£osway £ pitch I:Fluid (r1 r, r) = JA_LH P ndS

. . G seou/
‘heave & :yaw ! 213 e SDAL
& %Y g National Advanced Ship Design Automation Lab. 55
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#* Pressure : force per unit area applied in a direction

Hyd rOStatiC Pressu re and perpendicular to the surface of an object.
Buoyant Force aCting on a Ship To calculate force, we should multiply pressure by area and

na ormal vector of the area.

i According to the reference frame, (-) sign is
' added because the value of z is (-).

: Force acting on the upper differential area
v What is the force acting on the bottom of an pb]ect7 dFE ‘N dS pTop =P..—pg-0

TOp TOp
Z /II nl — _k
- atm, ,
o *;'*‘_* 28 29 Y K N.: Normal vector
yvA R :
\ £

|| 7\ . Patm(_ 9z dS : Surface area
PBouomI H I T [

/ PBottom atm /0 gZ
/ dl:Bottom I:)Bottom nZdS n2 =k
/ : Force acting on the lower differential area

dF = dFTOP T dFBottom F= IdF II PndS (P statlc = —,OgZ)

‘N dS +P -n,dS Static fluid pressure excluding the
Top Bottom *72 |::> atmospheric pressure.
:/Rtﬁ({‘zjds +%_ ng)de =—00 'U nzdS Cf) Linearized Bernoulli e
oD
Z—ngde = k(—ngdS) Sg P=—pgz—pE
: Force due to the atmospheric pressure is vanished. T:;'_' 'P_‘_'
static dynamic

Ship Design, 2. Design Equaiipaso SRINIPHEL2uiey/ Féeee K81 Moment on a Floating Body YT, M javanced S Desan Automaton La




- . = Hydrostatic force (Surface force) is calculated by integrating
In case that ship is inclined about x- axis

(Front view) sthe differential force over the wetted surface area.

( Sy wetted surface); v" Hydrostatic force acting on the differential area :
dF =P-dS=P-ndS
-- _/~\ ] P is hydrostatic pressure, P ;.-
________ , y

— oY NS —> . .
/é‘{ 00, AT - P = Piaic = —002

—> Il r S y, J— —_
= I VRGN dF =P, -nNdS =—pgz -ndS

v’ Total force : ( S, : wetted surface area)
F :H PndS |:> F :—pgﬁ zndS
Sg Sg

(Hydrostatic fprce acting on the differential area)

dF = PdS = PndS
P—p v Moment acting on the differential area :

static

dM = r <dF =—pgzndS dM =rxdF =rx PndSzP(rxn)dS

(Differential area)

= Hydrostatic Moment : (Moment)=(Position vector) X (Force)

(Moment acting on v Total moment :

the differential area) r

I\/Iz_UP(rxn)dS ) Mz—pg_[jz(rxn)ds




Buoyant Force

. 1) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch10.7(p458~463)
v Hydrostatlc force 2) Erwin Kreyszig, Advanced Engineering Mathematics 9t \Wiley,Ch9.9(p414~417)

F = — 9 H zndS ( S: wetted surface area)
S

By divergence theorem? ,

Ljf-ndAzj\_[fodV

e gllivay  [vi i @k:kj
fffviev (vei GGl
=kegfffav
V i When ship moves, the displacement volume(V) of the ship is changed with time. |

_,,_v
= klogv (t) That means V is the function of time, V(t).

: The buoyant force on an immersed body has the same magnitude as the welght of the fluid
displaced by the body1). And the direction of the buoyant force is opposite to the gravity
(=Archimedes’ Principle)

X The reason why (-) sign is disappeared

: Divergence theorem is based on the outer unit vector of the surface.
Normal vector for the calculation of the buoyant force is based on the inner unit

vector of the surface, so (-)sign is added, and then divergence theorem is applied.
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Hydrostatic Moment

1) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch10.7(pp.458~463)

v Hydrostatic moment

M :—,ogﬁ(rxn)zds =,ogﬂ(n><r)zd8

\%

By divergence theorem? ,

_[\_[_[VdeV:ijandA

M =g m (Vxr)zdVv
V

Vxrz=

2) Erwin Kreyszig, Advanced Engineering Mathematics 9t ,Wiley,Ch9.9(pp.414~417)

(Sg: wetted surface)

Zy 4Z

Because direction of normal vector is opposite,

(-) sign is added

i K

o & o| (6., o (
=i| —z%——=vyz |+]

oXx oy oz oy 0z

Xz yz z°

=M =—pg|[[ [y +jx]d

Ship Design, 2. Design EqUaparo SRIOPIEL2u i/ Fo e 58RI Moment on a Floating Body
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R
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H yd ro d y n a m i C F o rc e S r :_di;slace_mzr;: of particle with respect to time v’ Assumption

_gr ,_dr Frx: Froude- krylov force @ Newtonian fluid*
calculated from 6 DOF(Degree of Freedom) o . Radiation foree. @ Stokes Assumption*”
o o o 1) ® inviscid fluid

RTT : Reynold Transport Theorem

ptional flow
® Incompressible flow

VWBM : Vertical Wave Bending Moment

v'Equations of motions | Lagrangian & A
of Fluid Particles Eulerian Description S e— il & Paleria
Newton’s 2" Law — = .
%.r, _S°F - (Body force Cauchy Navier-Stokes Euler Bernoulli
- - equation equation equation equation
____________ csutaeforce) T D@ ¢ = ado™
: . Mass @5 E
Microscopic/ ) 2 — : oD 1 2
Macroscopic Conservation Lapla.ce Vo=0 O+ P+— ,O|VCD| +p007Z= 0
Derivation(RTT") Law Equation (V=voD) (ot 2
A : "\ [~ Velocity poténtial -
v'6 D.0O.F equations of motions elocity potgntial @ v Calculation of
. . Fluid Force
@ Coordinate system(Reference frame) ® = @, (Incident wave potential)
(Water surface-fixed & Body-fixed frame) +d, (Diffraction potential) Linearization
’ d 1 VD[ =
2 Newton’s 29 Law +®, (Radiation potential) 3 (Zx\w\ o’j
Mi=> F =(Body Force)+ (Surface Force) P——por— p—
pgz—p At
fommmmmm———— "‘Z . PrdS — F E F F(r i
= Fgravity (r) + l_F_F|U_id_(r_’£’_r)____’l<7 EF_IIUE r’ r’ r) - ‘[J.SB n ~ ' Buoyancy (r) + F.K (r) + D (r) + R (r’ I’, r)
= Fgravity + FBuoyancy (r) + FF.K (r) + FD (r) \_ ( Sg: wetted surface) )
+ |:R,Damping (r’ r) + FR,Mass (r’ r)
(displacement : r=[&,¢, 63’64’55'656]T )
Nonlinear terms — Nonlinear equation g -surge
— Difficulty of getting analytic solution &, 1sway
&, theave

— Numerical Method /
SW?&%?&W@%&@M‘F&% B¥R”l Moment on a Floating Body
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dF : Force of fluid elements
acting on the infinitesimal
surface of a ship

dS : Infinitesimal surface area

N : Normal vector of the
infinitesimal surface area

r=[§1’§2’§31§4’§51§6]T

& surge &, :roll
&, isway & pitch
&, theave & :yaw

M, :6x6 added mass matrix
B :6x 6 damping coeff. matrix
C:6x6 restoringcoeff. matrix

m : Gravity Constant

o . . . \_
Ship Design, 2. Design Equaiipaso SRItIPetdule/ FEFEE 5o/l Moment on a Floating Body

Fr x: Froude- krylov force
Fp: Diffraction force
Fr: Radiation force

@, : Incident wave velocity potential

@, : Diffraction potential

|
v" Surface forces: Fluid forces acting on a ship \:
o e o e o ee o .o o .o |
Fig (.7, 7) = ”SB PndS = Fy gane, (1 F) +Fe (7, F) +Fo (1, F) + Fo (1L F) |
1
: Fluid forces are obtained by integrating the fluid hydrostatic and hydrodynamic |
pressure over the wetted surface of a ship. :
v 6 D.O.F equations of motion |
Newton’s 2" Law l|
iy ro SR
MF = Z F = (Body Force) +i(Surface Force):
= |:gravity + FF|UId + I:external

Body force Surface force

------------------------

M r :'iFGravity (r)+ FBuoyancy (r1 f, r) + FHydrodynamic (r1 r! r) _E.'Fexternal, dynamic + I:external, static

................................................................................................................................

---------------------

Assume that forces are constant or proportional to the displacement, velocity and
acceleration of the ship.

-----------------------------------------------------------------------------------------------------------------------------------------------------

M¥ ::L I:gravity + I:Buoyancy (r) + I:F.K (r) + I:D (r) + I:R,Damping (r’ r) + I:R,Mass (r’ r) i;_il:xt, dynamic ext, stas;"c
% Univ. N~ http;//asdal.snu.ac ki




Shear Force and Bending Moment in Waves

Numerical Method
Ship Design, Z- Uesign EqUagparo SttilOPfesuie/ Foece 58/l Moment on a Float

v'Equations of motions | Lagrangian & )
of Fluid Particles Eulerian Description ST — il & Paleria
Newton’s 2"d Law —_ = .
%r S"F - (Body force Cauchy Navier-Stokes Euler Bernoulli
- equation equation equation equation
____________ oy "1 D@ ¢ = ado™
: . Mass @ i
Microscopic/ ) 2 — : oD 1 2
Macroscopic Conservation Lapla.ce Vio=0 O+ P+— ,O|V(D| +p007Z= 0
Derivation(RTT") Law Equation (V = VCD) ot 2
‘v7 \ .| 1 (]
v'6 D.0O.F equations of motions O\ (~ Velocity potdntial @ v Calculation of
@ Coordinate system ® = @, (Incident wave potential) AU e
(Waterplane Fixed & Body-fixed frame) +®_ (Diffraction potential) Linearization
’ d 1 | o =
@ Newton’s 27 Law +Dp (Radiation potential) ol (ZIWI‘ Oj
Mi=>'F =(Body Force)+ (Surface Force) P=—por—p—
ot

- |:gravity (r) + I:Fluid (r r r)
I:gravny Buoyancy (r) + F F.K (r) + F (r)

. (E::Zr 8) = [[PNAS = Py (1) +Fe i (N +Fo (D +Fe (11, r)]

( Sg: wetted surface)

J

+ I:Fz,Damping (r! r) + I:R,Mass (r’ r) (

Non-linear terms — Non-linear equation
— Difficulty of getting analytic solution

ﬂ)B M.

X%SF

—m(x)a, ,

Gra\,ity v'Shear force(S.F.) &
(a,: Acceleration induced | Bending moment(B.M.)

due to the heave & pltchnmotgﬁgar force(S.F)

fex o To—asad,

33V fStatic

Bending moment(B.M.) |

V Integration

)




Shear Forces and Bending Moment in Waves
: Relationship with NAOE Undergraduate Courses

Fr «: Froude- krylov force
Fp: Diffraction force
Fr: Radiation force

Ship Hydrodynamics, Dynamics - Sult water Bending momen
nd. ) 3) VWBM Vertical Wave Bendidng Moment

v’ Assumption
@ Newtonian fluid*
@ Stokes Assumption**
® invicid fluid

® Incompressible flow

Equations of motions | Lagrangian & )
of Fluid Particles Eulerian Description|ear stress |cUrl & Rotation
'e 7nd [ —
I\_lr_e_wzt:an_s(éo dyL;\:::e $ Cauchy $ Navier-Stokes Euler Bernoulli
- - equation equation equation equatlon
____________ +Surface force) 00 ® @®
________ (V=Vd): '
r:[§1152’§3!§4 c Mass 2 i aCD P 1 CD‘Z pg 7 O
& surge , &, :roll onservat] . Vid=0 |I|p—+P+—=p|V + =
&, 1sway , & pitch Microscopic/ aw Ezr:gmeerm% Mathd' | at 2
£, :heave , &, : yaw Macroscopic Derivation(RTT") (2"“-year undergraduate) | J

Behavior of ship and its control ocity potential @

(3" -year undergraduate)
Dynamics (2" -year undergraduate)

v . .
v'6 D.O.F equations of motio

v'Calculation of
Fluid Force

@ Coordinate system D= @, (Incident wave potentz)_ - : t
(Waterplane Fixed & Body-fixed frame) + @, (Diffraction potential) In?g?:qaet?;:z;g:;
@ Newton’s 2" Law + @y (Radiation potential) 5 (3 -year undergraduate)
. Gp\vqa\ :0)
Mi‘ = Z F = (Body Force)+ (Surface Force) P=-pgz—p—-
(_l ot
grav|ty (r) + FF|uid (r r r:) D I:Fluid (r’ I.’, r) = I.LBPndS = I:Buoyancy (r) + I:F.K (r) + I:D (r) + FR (r’ f’, r)J
=F r)+F  (r)+F(r iti
graV|ty Buoyancy( ) F.K ( ) ( ) \_ (Ship fgar:'ﬁf]udr;; rDaiziagtr; )system I(S:thrrgjcia;mgrl\ts%gi ;n:rmm)e
' i nd -year undergraduate
Planning of NAOE(Ship Sta g (r’ r) + I:R,Mass (r’ 7 T T TGy 4 :

(a, : Acceleration of
z direction

(2"d-year undergraduate)

Non-linear terms — Non-linear equation
— Difficulty of getting analytic solution

Numerical Method

;IDBM

Computer aided shizp deSIgn
(3rd-year undergraduate)

FK ) 1_a33az ’

_b33vz ) fStatic

by heave& pitch motion)

bending momént(iS.M.)
Shear force(S.F)

Bending moment(B.M.) |
)

WV Integral




2-12 Roll Period
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Required Min. Roll Period ,

for example, min. 12 sec:

M 55/

/)

G: Center of mass of a ship

B: Center of buoyancy at initial position
F : Gravitational force of a ship

Fg : Buoyant force acting on a ship

M : Metacenter

I, : added moment of inertia
b : damping moment coefficient

Derivation of the equation of roll

motion of a ship :
Ip=>"7 (Euler equation)

— z-body + Tsurface

v v
gravity + z-fluid

7 ; I ! }

=T

= z-gravity + Z-hydrostatic + z-F.K + z-diffraction + z-radiation
v v v v
= Z-r + Texciting - I a¢ - b¢
7, =GZ- K
~GM -sing-F,
=GM -sing- pgV
~GM ¢ pgV For ss%a;ﬁl;@

:_pgv -GM '¢+Texciting o Iaddé._b¢5

Equation of roll motion of a ship

(I + |a)¢+b¢+(/)gv 'GM)°¢:Texciting

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Calculation of Natural Roll Period

(| + Ia) . ¢ 4 b¢ 4+ (,OQV .GM ) . ¢ = Torciting <—[Second order Linear Ordinary Differential Equation]
- Objectives : Find the natural frequency of roll motion

: No exciting moment (Texcitmg =0)
- Assumption : No damping moment (b¢5:0)

v .o
(1+1,)-¢+(pgV -GM - =0

@ Try: ¢=¢"
(1+1,)-A%-e" +(pgV -GM)-e” =0
{(1+1,)-2*+(pgV -GM)}-e* =0
(1+1,)-2°+(pgV-GM)=0 ,( " #0)

P ogV -GM
Sl R S

poV-GM it _ |pgV-GM it
. _ At At \j I+1, \j I+1,
Lg=Ce" +Ce” =Cpe +C.,e

9.,!{ ’:\0‘ Seoul S DAL 66
. . . . . National . ) )
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[pgV-GM . _ [poVeM
¢:Cle |+|a —|—C2e |+|a

ﬁEuler's formula (ei‘é = COS¢@+isin ¢)

Angular frequency (@)

21
Because @ = T— , the natural roll period is as follows:

¢
27
T =—
"

| + 1
=27 2
ogV -GM

Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee
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Effect of GM on the Natural Roll Period

Roll period
B I+1,
~ "\ pgV -GM
. 2 : ~ or full load condition
msumption) 11, = oy pv 7 g g
k-BY -p-V
T, = 2n KB 2
N 27-K-B
g-GM
2-k-B

:W 1(\Ez”)

Approximate Roll period of ship

That is, a stiff ship or crank ship, one with a large metacentric height
will roll quickly whereas a tender ship, one with a small metacentric
height, will roll slowly.

68
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Effect of GM on the Tangential Inertial Force due to the Roll

Motion
< Container Carrier >
Tangential M /
inertial force )

b, ,‘5 ul
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee Q@@}N ational

ed Shij D n Automation Lab.
@lm‘p// o il Desian
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_ [pav-Gm
Effect of GM on the Angular acceleration of a ship S

Roll motion of a ship

¢=C, cos(w-t)+C,sin(w-t)
s
#=+/C2+C,2cos(w-t+ )  .p:phase

Angular acceleration of a ship:

) :\/Cl2 +C, @’ cos(w-t+ f3)

= Aw’ cos(w-t+ f3) ,(A:\/Cl2 +C,%)

SGHR seoul
. . . . . National ; i ?
Ship Design, 2. Design Equations, Spring 2012, Kyu Yeul Lee i@{%&uzﬁéna e ik, Sesign Automation Lab. 70




Naval Architecture & Ocean Engineering

Chapter 3. Design Model
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Problem Statement for Ship Design

v Given:

v" Deadweight(DWT),

v' Cargo hold capacity(V.,),

v' Service speed(V,),

v Daily Fuel Oil Consumption(DFOC),
Endurance, etc.

v' Determine;

L, B, D, T, Cg

Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee
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by the Weight Equation

3-1 Determination of the Principal Dimensions

Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee
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Determination of the Principal Dimensions by the Weight Equation

e Weight equation

Dimensions of a deadweight carrier whose design is weight critical
are determined by the following equation

p-L-B-T-C,-(1+a)=DWT +LWT

v Given: DWT (owner’s requirement)

p :density of sea water = 1.025 Mg/m3 = 1.025 ton/m3
a : a fraction of the shell appendage allowance
v Find: L,B,T,C;

displacement of shell plating and appendages as a
fraction of the moulded displacement

DWT + LWT =W.

Total

-3

Deadweight is given by owner’s requirement, whereas total weight
is not a given value.

‘!':

Thus, lightweight should be estimated by appropriate assumption

i How can you estimate the LWT?

Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee
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Weight Estimation : Method 1
Assume that the lightweight is the same as that of the basis ship

At the early design stage, there are few data available for the estimation of
the lightweight.

The simplest possible way of estimating the lightweight is to assume that
the lightweight does not change in the variation of the principal dimensions.

Method 1 : Assume that the lightweight is the same as that of the basis ship.
LWT = LWT

Basis

L-B-T-C;:p-(1+a)=DWT +LWT, -(4.1)

asls
It will be noted that finding a solution for this equation is a
complex matter, because there are 4 unknown variables (L,
B, T, C;) with one equation, that means this equation is a
kind of indeterminate equation.

Moreover, the unknown variables are multiplied by each
other, that means this equation is a kind of nonlinear
equation.



L-B-T-C,-p-(L+a)=W
— DWT + LWT,

Basis *

(4.2

The equation (4.1) is called nonlinear indeterminate equation
which has infinitely many solutions.

> Therefore, we have to assume three unknown variables
to solve this indeterminate equation.

=) The principal dimensions must be obtained by successive
iteration until the displacement becomes equal to the
total weight of Shlp (" nonlinear equation)

> We can have many sets of solution by assuming different
initial values.

(" indeterminate equation)

Thus, we need a certain criteria to select proper solution.

D
o | BB (D SPAL s o | 76
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For example, this is the first set of solution.

The ratios of the principal dimensions L/B, B/T, B/D and C; can be

obtained from the basis ship.

Substituting the ratios obtained from the basis ship into the
equation (4.1), the equation can be converted to a cubic equation

inL. L-B-T-Cy-p-(l+a)=W
(85 ) Corrraear-w
T
-(EJ-CB p-(l+a)=W
BY (T
/ ) \1/3
E>|_ — W- ( _/ B)BaSiS . (B /T)Basis
\ P CB_Basis ) (1_|_ Oé) )
Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee %ﬁ%}%ﬂ’ @%}%%5% Design Automation 126, | 11




Weight Estimation : Method 2

Assume that the total weight(W) is proportional
to the deadweight.

e Weight equation of a ship

p-L-B-T-Cy-(l+a)=

= DVVT +LWT  ..(3)
Given: DWT ,Find: L,B, T, Cg

Basis | DWT

W
-W =
Method @): DWT

Basis

Since the lightweight is assumed to be invariant in the ‘Method 1’, even though the
principal dimensions are changed, the method might give too rough estimation.

can you estimate the lightweight more accurately than the ‘Method 1°?

Method 2: Design ship and basis ship are assumed to have the

same ratio of deadweight to total weight.

DWT

Basis __

DWT

W

Basis

W

Therefore, the total weight of design ship can be estimated by
the ratio of deadweight to total weight of the basis ship.

L-B-T-C;:-p-(1+a)=W

(4.2)

Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee
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Weight Estimation : Method 3 ~ » Weight equation of a ship

Assume that the lightweight could vary - P LBT G lra=W

_as the VOIume Of the ShiB Given: DWT ,Find: L, B, T, CB """""""""

Method ®: LWT =C_,L-B-D

The lightweight estimated in the ‘Method 2’ still has nothing to do with the variation of
the principal dimensions.

How can you estimate the lightweight more accurately than the ‘Method 2'?

Assume that the lightweight is dependent on the principal dimensions
such as L, B and D.

LWT = (L, B, D)

To estimate the lightweight, we will introduce the volume variable L-B-D
and assume that L1I'7 is proportional to L-B-D

LWT =C,,, -L-B-D

where coefficient C,,; can be obtained from the basis ship.

L-B-T-C,-p-(1+a)=DWT +C,, -L-B-D
(4.3)

QUETD
. . . . L“B' iat/a/na/ S DAL » p i
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Weight Estimation : Method 4 ~ « Weight equation of a ship

Estimate the structural welght(W,) outfit welght1 pLBT-Co(lra)=wW ;
;machinery weight(W_) in components. Given: DWT _find: LB, 6o T - -
- _____________________________________________________________________________________________| Method C) LWT :;Ws :+W0 +Wm

7t
i How can you estimate lightweight more accurately?

We assume that a ship is composed of hull structure, outfit ,and machinery.
Based on this assumption, the lightweight estimation would be more accurate, if we
could estimate the weight of each components.

Method 4 : Estimate the structural weight(11), outfit weight(W,), and machinery weight(W,) in
components.

LWT =W, +W, +W,

7

€
(;f} How can you estimate W,, W, W _?

Assume that W_, W, , W, are dependent on the principal dimensions

b - ”0‘ Seoul DA L 80
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Steel Weight Estimation : Method 4-(1)

LWT =W, +W, +W,

Assume that the structural weight(W,) is a function of L, B, D as follows:
W, =f(L,B,D)

Since the structural weight of a ship is actually composed of stiffened plate
surfaces, some type of ‘area variables’ would be expected to provide a better
correlation.

To estimate the structural weight, we will introduce an ‘area variables’ such
as L-B or B-D.
W, = f(L-B,B-D)

For example, assume that structural weight is proportional to L* (B+D)#

Method 4-(1) Ws — Cs , La(B n D)ﬁ

Unknown parameters (C,, a, ) can be obtained from as-built ship data by
regression analysis*.

*Regression analysis is a numerical method which can be used to develop equations or models from
data when there is no or limited physical or theoretical basis for a specific model.
It is very useful in developing parametric models for use at the early design stage.




Regression Analysis to obtain a Formula for the Steel weight Estimation

W, =C_L%(B+ D)’

a) In order to perform the regression analysis, we transform the
above nonlinear equation into the linear equation by applying
logarithmic operation on both sides, then we have a
Iogarithmic form

InW = In C -|—0! In L+,BIn(B + D) Logarithmic Form

_________________________________________

Y = Ab + axl +IBX2 : Linear Equation

Y=A+aX +BX,

Regression analysis plane for data on

the variables Y, X, and X,

b) If sets of as-built ship data ( Xli . X2i ;Y- ) are available,

then, the parameters can be obtained by finding a function that minimize the sum of the
squared errors, “least square method”, which is the difference between the sets of the data

and the estimated function values.

—>C,a=16, B=1

Above equation reflects that length(L) will exponentially affect on the steel weight much more

than other variables, B and D.

IG'.
Ws = Cs (B + D) e.g. 302K vLcc :C, =0.0414

?il-: 2P Seoul
Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee i@iﬂ;&/\/ tonal v df”/’D sign Automation Lab.
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Outfit Weight Estimation : Method 4-(2)

LWT =W, +W, +W_

Assume that the outfit weight(W,) is a function of L, B: W0 = f (|_, B)

To estimate the outfit weight, we will use the area variable L B.

W, = f(L-B)

For example, assume that outfit weight (W,) is proportional to LB

W, =C -L-B

where coefficient C, can be obtained from the basis ship.

W; : structural weight
W, : outfit weight
W, : machinery weight

83
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Machinery Weight Estimation : Method 4-(3)

LWT =W, +W, +W_;

To estimate the machinery weight, assume that the machinery weight(W,)
is a function of NMCR:
W_ = f (NMCR)

For example, assume that machinery weight is proportional to NMCR :

W_=C_-NMCR

where coefficient Cm can be obtained from the basis ship.

* NMCR (Nominal maximum continuous rating) is the maximum power/speed
combination available for the engine and is a criteria for the dimensions,
weight, capacity, and cost of the engine.

'k

@
le} Then, how can you estimate the NMCR?

QUETD
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Estimation of the NMCR
(Nominal Maximum Continuous Rating)

> ship speed(V,
<j Total calm-water

resistance (R(V))

® EHP (Effective Horse Power)
EHP =R (V)-V, (In Calm water)

2 DHP (Delivered Horse Power)

EHP
DHP = 77— ( M7p : Propulsive efficiency)
D

DHP

Propeller Shaft {&--BE080800

=

Propeller BHP Diesel engine

(@ BHP (Brake Horse Power in calm water)

anp _ DHP

It

@® NCR (Normal Continuous Rating)

( 177 : Transmission efficiency)

Power, % of L,

110% .
( NMCR) NMCR-> MCR(Derated MCR: DMCR) Sea Marain
100% & NCR = BHP(L+ I,
90% Herated 100
80% MCR . . .
L, NCR (5 DMCR (Derated Maximum Continuous Rating)
70% ¥ Engine margin 90%
’ BHP I # Sea margin 15% NCR
60% -2 DMCR - - -
Engine Margin
50% i ® NMCR (Nominal Maximum Continuous Rating)
4
DMCR
40% ; : t——————+——+— Epgijne speed, % of L, NMCR = -
70% 75% 80% 85% 90% 95% 100%105%110% Derating rate
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Estimation of the NMCR by Admiralty formula

W._=C_-NMCR

NMCR can be estimated based on the prediction of resistance and propulsion
power. However, there are few data available for the estimation of the NMCR at

the early design stage, NMCR can be approximatelty estimated by empirical
formula such as ‘Admiralty formula’

Admiralty formula :

DHPCaImwater = f (A, VS) Caq Admiralty coefficient
V : speed of ship [knots]
@ A : displacement [ton]

DHPCaImwater = CDHP ) AZIS 'Vss T 1
< Define Cat =
@ L CDHP

A2/3 \/ 3
Cad

D H I:)Calm water

C,q is called “Admiralty coefficient”.

)

m
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Admiralty coefficient : A Kind of Propulsive Efficiency(7),)

Admiralty formula :

DHP -

Calmwater

A2/3 \/3

C:ad

@ C., :Admiralty coefficient

PERVE

Cad —

DHP

-Since A?3-V 3 is proportional to EHP, the Admiralty coefficient can be regarded as a
kind of the propulsive efficiency(p).

Calmwater

_EHP

Ui

~ DHP

- However, this should be used only for a rough estimation. After the principal
dimensions are determined, DHP needs to be estimated more accurately based on the
resistance and power prediction.

(ref. : Resistance estimation, Speed-Power Prediction)

Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee
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Machinery Weight in terms of Principal Dimensions

W._ =C_-NMCR
_ ()
NMCR = i.(1+ Sea Margine). 1 | 1 DHP
T 100 Engine Margin Derating ratio Calmwater
_C DHPCaImwater
A2/3 V 3
DHPCaImwater =— ,(Admiralty formula)
ad
N A=p-L-B-T-C,-(1+¢)
W =C_ .é:_l.(p. L-B-T-C,-(L+a))?®-V.}?
ad Define
? c -c.&
Wi, =Cpuer -(p-L-B-T-Cy - (1+ )" -V power = =m ¢

If the machinery weight is changed due to the changed NMCR, the principal dimension must be

adjusted to the changed machinery weight.

dShpD gAtmat n Lab.
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Determination ot the principal dimensions * Weight equation of a ship
p-L-B-T-Cy-(l+a)=W

by the weight equation _DWT+LWT .9
Given: DWT ,Find: L,B, T, Cy .
Method @:  LWT =W, +W, #W,

L-B-T-C;-po-(1+a)=DWT + LWT ---(3) W, =C, {NMCR |
LWT :WS —|—W0 —|—Wm W, : structural weight

W, : outfit weight
W,, : machinery weight

- W, =C,-L**.(B+D) .- speed of ship
A displgcement
< VVo = Co -L-B P [Cig?]j'r;yg]of sea water
Wm = Cm . NMCR
Vi ~ =Chuer (L-B-T-Cy- (L a)) -V

L-B-T-C,-p-(1+a)=DWT +C_-L'°-(B+D)+C,-L-B
+Cpoper (0 L-B-T-Cy - (1+ )™ -V’

power

(4.4)

It will be noted that finding a solution for this equation is a complex matter, because there are 5 unknown
variables (L, B, D, T,Cg) with one equation, that means this equation is a kind of indeterminate equation.
Moreover, the unknown variables are multiplied by each other, that means this equation is a kind of nonlinear
equation. Therefore, we have to assume four unknown variables to solve this indeterminate equation. The
principal dimensions must be obtained by successive iteration until the displacement becomes equal to the total
weight of ship(.: nonlinear equation). We can have many sets of solution by assuming different initial values.

(- indeterminate equation). Thus, we need a certain criteria to select proper solution.

L - 0‘
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Criteria to select proper solution: Objective Function

What kind of Criteria is available to select proper solution?

Possible Criteria (Objective Function)
- For Shipbuilding Company : Shipbuilding Cost. (See Ref.)
- For Shipping Company :
»>Less Power— Less Energy Consumption— Minimum
Operational Expenditure (OPEX) (See Ref.)
»Operability— Required Freight Rate(RFR).
»Minimum Capital Expenditure(CAPEX)
»Minimum Main Engine Power/ DWT

For example, shipping company will adopt objective function as RFR,

then the design ship should have the least RFR expressed as:

Capital cost+Annual operating cost
Annual transported cargo quantity

RFR =

*Capital cost=Building cost x Capital recovery factor.
i(L+1)"

*CRF(Capital Recovery Factor) =
(Cop Y st = iy -1

%%‘N o SDAL
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3-2 Block Coefficient
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Recommended Value for Block Coefficient

B Recommended value for obesity coefficient considering
maneuverability:

C./(L/B)<0.15

B Recommended value for C; proposed by Watson &
Gilfillan:

This formula seems to confirm its continuing validity and
many naval architects are using this equation up to now.

C, <0.70+0.125tan*((23—100Fn)/4)

S seov SDAL
Advanced Shij
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3-3 Determination of the Principal Dimensions by
the Volume Equation

MR o0 ENSDA
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Determination of the Principal Dimensions
by the Volume Equation

e Economical constraint : Required cargo hold capacity[m?]

- Principal dimensions have to satisfy the required cargo hold capacity.

The dimensions of a volume carrier whose design is volume critical
can be determined by the following equation.

Vey = F(L,B,D) ' volume equation of a ship

v" Given: Cargo hold capacity(Vch)[m?]
v Find: L,B,D

-

How can you represent the cargo hold capacity
in terms of the principal dimensions?

3 Seo /
i i i i gﬁ% ’V nal Ad dSh Design Au n Lab.
Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee o Design Automation
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* Volume equation of a ship

Determination of the Principal Dimensions by V., = f(L,B,D)
the Volume Equation _ Method 1 Given: Cargo hold capacity ,Find: L, B, D
. Method ®: f(L,B,D)=C,,-L-B-D

€.
ifz How can you estimate the cargo hold capacity

Method 1 : Assume that the cargo hold capacity is proportional to (L-B-D).

V., =Cg, -L-B-D

where coefficient C.,, can be obtained from the basis ship.

It will be noted that finding a solution to this equation is a
complex matter, because there are 3 unknown variables L, B, D
with one equation, that means this equation is also a kind of
indeterminate equation.

Moreover, the unknown variables are multiplied by each other,
that means this equation is a kind of nonlinear equation.

This kind of equation is called a nonlinear indeterminate
equation, which has infinitely many solutions.

. . . . {18 Y vational () santest<hip Desi ‘
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o Volume equatlon of a ship

Determination of the Principal Dimensions Veu = f(L,B,D)
by the Volume Equation _ Method 2 Given: Cargo hold capacity ,Find: L, B, D
, Method @: f(L,B,D)=C, -L,-B-D-Cy,

v Hold capacity can be estimated more accurately by using the length of

€,

f”; cargo hold(L,, instead of the ship’s length(L)
g H) g

V., =C., -L,-B-D

L, . Length of the cargo hold
The Length of cargo hold(L,,) is defined as being Ly subtracted by Lpr, Lggr and Lepr.

LH = LBP o LAPT o LER o LFPT

Lgp : Length between
perpendicular
| | L.pr : Length between aft

, perpendicular to aft

' | bulkhead

i ) Lepr: Length between
|
|

_l forward perpendicular
! Ler Ly Lepr to collision bulkhead
AP FP Ler: Length of engine room

Lapt

The coefficients(C.y) and partial lengths, Lypr, Lgg and Lepr
can be obtained from the basis ship.

2P Seoul
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Summary:
Determination of the Principal Dimensions by the Volume Equation

Method 1 : Assume that the cargo hold capacity is proportional to
L-B-D. V,, =C., -L-B-D

Method 2 : Assume that the cargo hold capacity is proportional to
LH-B-D. Ve =Cey - Ley -B-D

Since the method 1 and 2 are used for a rough estimation,

cargo hold capacity should be estimated more accurately after the
Ml arrangement of compartment has been made.

BB s (D 22 A L st
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3-4 Freeboard
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What is Freeboard* ?

oICLL(International Convention on Load Lines)
1966 Reqgulatory constraint

- Ships need safety margin to maintain buoyancy and
stability while operating at sea.

- This safety margin is provided by the reserve of buoyancy
of the hull located above the water surface.

* tstringer

fo | ]
D DFb o Dmld T stringer
T mid
mid t

f

*Freeboard(Fb) means the distance between the water surface and the top of the deck
at the side(at the deck line). It includes the thickness of freeboard deck plating.

2Rk
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v" Actual freeboard (D;;, — T) of a ship should not be less
than the required freeboard(Fb) determined in
accordance with the freeboard regulation.

* tstringer
Fb
D

Tmld ¢ mid

V

D, —T 2 Fb(L,B,D4,Cp)

:
i How can you determine the required freeboard(Fb) ?
Ship Design, 3. Design Model, Spring 2012, Kyu Yeul Lee %E;Séég%?"a/ @%}%@g’%ﬁ%?gﬁn avtomation 126 100




¢ Volume equation of a ship

D., >T +Fb(L,B,D,,.C,)

leen L, B, D(=Dya). T, Cz ,Check: satisfaction of the freeboard regulation

_ Fb(L,B,D,Cy)=Cq - D
€
How can you determine the required freeboard(Fb)?

At the early design stage, there are few data available to calculate required freeboard. Thus,
the required freeboard can be roughly estimated from the basis ship.

Assume that the freeboard is proportional to the depth.
Fb(L, B, D4, Cg) =Cp, - Dyq

DFb >T +CFb ' Dmld

where coefficient C, can be obtained from the basis ship.

In progress of the design, however, the required freeboard has to be calculated
in accordance with ICLL 1966.

Fb(L,B,D,,Cg) = T (L, D,4,Cg,Superstructure, .., ,Superstructure,;...,Sheer)

> If ICLL 1966 regulation is not satisfied, the depth should be
changed.

E
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3-5 Estimation of Shipbuilding Cost
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Objective Function(criteria to select the proper main dimensions)

Assume that the shipbuilding cost is proportional to the weight of the ship.
Building Cost =C,. -W, +C,, -W, +C,,, -W,,

If the weight of the ship is represented by the main dimensions of the ship,
the shipbuilding cost can be represented by them as follows:

Building Cost=C, -C,-L"°*(B+D)+C,,-C,-L-B+C,, -C..-NMCR
=C, -C,-L'°(B+D)+C,,-C,-L-B

+Cpy *Cooper-(L-B-T-Cy)*%-V?3

power

: Coefficient related with the cost of the <+—— Coefficients can be obtained from the as-built<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>