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Optimal Dimension Design for Ship
Determination of Optimal Dimensions of Bulk Carrier (1/2)

Problem definition

Q Objective
eMinimization of ship building cost

Optimization procedure

| Given: DWT, CV,e, V, T, n |

Q Input(“Given™) ¥
*Required cargo hold capacity(CV,eq) 9 [=h (25 E'*Pv i» Ae/ Ao
«Ship speed(V)
«Design draft(T) Estimation of light weight
oPropeller RPM(n) Estimation of cargo hold volume
0 Output(“Find”) Estimation of speed and power Optimization algorithm

«Optimal main dimensions of ship Estimation of freeboard “EzOptimizer”

Find L,B,D,Cy,D,,P, A4,/ 4, Design Variables k2 ]
Minimize  Building Cost Mathematical Criteria for optimum Optimum? No

X formulation Minimization of ship building cost
Subject to  Equilibrium condition of displacement and weight Constraints
A=L-B-T-Cy-p-(1+a)=DWT +LWT lOptimum?Yes
Requirement for cargo hold capacity | Finish

Coy Ly B-D-Cypp 2CV,,,
Requ\rements for speed and power

P/(Z”")=P'"2'DP5'KQ RT/(lit)=p‘nz‘DP4'KT
(1.3+0.32)-R. /(1-1)

2
Dy (p,+p-g-h=p) =» Optimization problem having
Requirement for freeboard Requirement for initial ship stabilit; : .
D>T+ Freehoard ~ 0.04B <GM < 471'2(044B)X/(g7"r2) 7 unknpwns, 3 equality cfonstramts,
Reau - ) . and 6 inequality constraints
equirement for initial maneuvering capability
C,/(L/B)<0.15
Requirement for block coefficient by Watson & Gilfillan
C, <0.70+0.125tan"'((23 - 100Fn)/4)
| K.Y. Lee, S.H. Cho, M.I. Roh, “An Efficient Global-Local Hybrid Optimization Method Using Design Sensitivity Analysis”, International Journal of Vehicle Desvgmsc\E/IFuﬁﬂ Vol. 28, No. 4, pp.300-317, 2002

- K.Y, Lee, M.1. Roh, “A Hybrid Optimization Method for Multidisciptinary Ship Design”, Journal of Ship Technology Research, Vol. 47, No. 4, pp. 181-185, 5
[ KCY, Lee, M1 Roh, Seonho Cho, Design Optimization of Mechanical Systems Using Collaborative ronc o emationat Jourmal of Vehile Desig(SCIE /-0 457) Vol 25, No_4,pp 353368 200

A4 >K+

0=

Optimal Dimension Design for Ship
Determlnatlon of Optimal Dimensions of Bulk Carrier (2/2)

System Level

fraobtrmeedt
Wmdows
L€ VDM
e ey
@

v Oy

(Common Object Request Broker Architecture)

vy TvONoFy vy

g, 50
e
" ru i UNIX Windows UNIX
[ 1
FAR1) = oo oo
Fgimicm
IS LT um-.t..mawm - - -

Discipline Discipline Discipline
Level 1 Level 2 Level 3
* T.V: Target variables from system level which are shared
ng discipline levels

o Formulatlon for collaboratlve optimization
)
i in a distributed environment

Disciptinary function values which correspond to
objective function value of each discipline level

| Application to an actual problem of shipyard | Manual Standard, single op Collaborative|
+ 160,000ton bulk parrier 7~1.8% m HYBRID3 op! MS

« Cargo hold capacity: 179,000m? cost reduction
* Ship speed: 13.5knots $ 60,949,431 53,000,510 59,863,587 59,831,834 59,831,688

« Design draft: 17.2m
« Propeller RPM: 77.9rpm (100.0%) (98.3%) (98.2%) (98.2%) (98.2%)
64,500,000

Building cost

10000001 Applicable to m 266.00 265.18 264.71 263.69 263.70
008997 . Convergence history  naval surface B
45.00 45.00 45.00 45.00 45.00
ceswo0y | of objective function value ship m
2 eaconcoo] e Cotaborate ptmizaton (o best o) D m 2440 24.54 24.68 24.84 24.83
Z 62500000 ] :::Mu\l\rslanmethod (for best one)
§ Genetic algorithm Cg - 0.8276 0.8469 0.8463 0.8420 0.8418
S 62000000 7\ —x— Hybrid optimization method
2 om0 D, m 83000 8.3928 8.4305 8.3999 8.3960
é 61,000,000 P; m 5.8200 5.8221 5.7448 5.7365 5.7411
8 | e
© cos00000 4 L»ﬁ Ad/Ao - 0.3890 0.3724 0.3606 0.3690 0.3692
50000000 | -
s CPU time*  sec _ 209.58 198.60 187.22 149.75
B T P T S A S A A A (140%) (133%) (125%) (base)
Generation(lteration) Number 6

- 1: Multi-start local optimization (50 random starting points), 2: Genetic algorithm (50 random starting points), 3: HYBRID: Hybrid optimization method, 4: Tested on the Intel Pentium Ill 866Mtz, 512RAM in 2002
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Optimal Dimension Design for Ship
Determination of Optimal Dimensions of Naval Ship (1/2)

Problem definition

Q Objective
«Minimization of fuel consumption /%
and hull structure weight

Q Input(“Given™)
o Displacement (A)
«Ship speed (V)
oPropeller diameter (Dp)
Q Output(“Find”)
«Optimal main dimensions of ship

Optimization procedure

| Given: Displacement, V |

}.7

Variation of main dimensions
L,B,D, T, Cg Py, Ac/Ap, n
v

Estimation of light weight

Estimation of variable load
Estimation of speed and power
Estimation of freeboard

Optimization algorithm
“EzOptimizer”

Subject to  Equilibrium condition of and weight Constraints

and hull structure weight

A=L-B-T-Cy-p-(1+a)=DWT +LWT

l Optimum? Yes

Requirement for the required displacement |

Finish

Find  L,B.D,T,Cy,B A/ Agun
Minimize Fuel Consumption and Objective F ions| k2

. . . Mathematical Criteria for optimum Optimum? No
Minimize  Hull Structure Weight formulation Minimization of fuel consumption P

8,900 < A <9,100[70n]
Requirements for speed and power

P|Qmn)=p-n’-D," K,
A 4 >K+

0 =

Requirement for freeboard
D >T + Freeboard

Miscellaneous design requirements

0.98(L/B)

paren

|- K.Y Lee, M.1. Roh, Seonho Cho,

RT/(lit)=p‘nz‘DP4'KT

(1.3+0.32)-R, /(1—1)
2
Dy - (p,+p-g-h—p,)

=» Optimization problem having
8 unknowns, 3 equality constraints,
and 7 inequality constraints

['<L<I' B'<B<B' D'<D<D" C,'<C,<C,"
 <L/B<1.02(L/B)

parent

K. Lee, S Cho, .. o, *AnEficint GobaldocalHybrd Optimizatin Method Using Desig sensiiity Analysi”, nterationat Joural of Vebicle Desiin(SCIE/I-0.457), Vol. 28, No. 4, pp-300-317, 2002
“ K.Y. Lee, M.I. Roh, “A Hybrid Optimization Method for Multidisciptinary Ship Design”, Journal of Ship Technology Research, Vol. 47, No. 4, pp.181-185,
Design Optimization of Mechanical Systems Using Collaborative

ronc o emationat Jourmal of Vehile Desig(SCIE /-0 457) Vol 25, No_4,pp 353368 200

Given: Displocerment, ¥

L8, D, T, Cp P AgiAg.
Estimation of ght wekght
Extimation of variable nad

Extimation of speed and power
Estimation of fresboard

Optimization algorithn
~EzOptimizer”

P stk | et I
fuel
and hall structure weight

Minimize

| Application to an actual problem |
+ US Navy DDG-51 missile destroyer .
« Displacement: about 9,000ton
« Ship speed: 20knots

Optimal Dimension Design for Ship
Determination of Optimal Dimensions of Naval Shi

B
Bl 0.5-1.2%

Multi-objective
optimization

by weighting method

Objective 3,760.35 reduction 3,723.80
function value (100.0%) (99.5%) (99.0%)
Fuel ko/h 3589 3,584 3,556
consumption 9" (100.0%)  (99.9%)  (99.1%)
Hull structure 3,931 3,897 3,891
weight (100.0%)  (99.1%)  (99.0%)
L m  157.37 157.02  156.74
B m 19.99 19.98 19.82
D m 12.70 12.69 12.73
T - 5.61 5.62 5.67
Cy m 0.510 0.506 0.506
E> P, m 9.02 9.51 9.33
. A¢/Ao - 0.80 0.65 0.65
Pareto optimal set n rpm 97.11 9349 9453
y = w, =05 D's"'at‘e"‘e“ ton 9,074 9,048 9,004
Selected optimum 201.63 191.28
- : 4 .
.., CPU time sec (140%) (133%)

~ W< oWy

I =w f(Fuel Consumption)+ w, f,(Hull StructureWeight)

Fuel Consumption { f.}
* 1: Multi-start local optimization (50 random starting points), 2: Genetic algorithm (50 random starting points), 3: HYBRID: Hybrid optimization method, 4: Tested on the Intel Pentium Iil 866MHz, 512RAM in 2002

(2/2)

*wy=w, =0.5

3,715.80
(98.8%)

3,551

9,001

193.22
(base)
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Optimal Dimension Design for Ship
- Determination of Optimal Dimensions of Hatch Cover (1/2)

- Plan view
Problem definition Hatch cover =3 for No. 1 hatch cover 7"

Q Objective

e Minimization of the weight of
hatch cover

Q Input(““Given™)
o Length, width, height of hatch cover

o Total number of girders and
transverse web frames

0 Output(“Find™)
«Optimal dimensions of hatch cover

3D CAD model of hatch cover

Inside view

cia;. b SR ”
T L Idealized model

(T
l"t‘_I_d

Tt‘, N: Number of stiffeners

| Given: L, W, H, Ngirgers New s | Optimization
[2 procedure

Find £, ,b,a,d,N Design Variables ‘ Variation of dimensions
) t,t,b,ad N
Minimize Weight = P, ‘L‘W'IP /10° Objective Function £ ¥

+p,-L-{(2a-(cos0) ' +b+c)-N+c}-t,/10°[ton] Generation of FE model
Subject to Calculation of stress and
Requirement for maximum permissible stress by CSR(Common Structural Rulos) deflection through FE analysis Obtimization aleorithm
< . . D! o
o, <0.8R, Mathematical formulation Calculation of weight “Ez0ptimizer”
q for il permissible ion by CSR
6<0.0056/, 3
Requirements for minimum plate and stiffener thickness by CSR
t <t t <t Criteria for optimum Optimum? No
pamin =Ly Ly min ST == )
“'“N“(a;“"i Z; f;;e"y =» Optimization problem having R G (e
a b
e H 6 unknowns and ] optimum? ves
0 <0<90° 7 inequality constraints [ Finish | i

Optimal Dimension Design for Ship

- Determination of OE mal Dimensions of Hatch Cover (2/2)
-
16 14

| Application to an actual problem |
« 180,000ton bulk carrier

* Lbp/B/D: 283.5/45.0/24.7m - tP 87.5%
- Ts: 18.2m Optimization ts mm 8 8 100.0%
. : b mm 170 160 94.1%
| a mm 120 11 92.5%

d mm 220 198 90.0%

) N - 3 3 100.0%

I Weight  ton 32360 28.410 87.8%

Omax  MPa BEN ... = 115.6%

| Smax MM 5.532 6.388 115.5%

e

8]

Steel Steel AH32 AH32 AH32

(weight = 32.36ton) (weight = 28.41ton)

Before optimization Q After optimization

Material GFRP'  GFRP  CFRP?
. : (AH32 FRP FRP FRP
Economic evaluation Fabrication T Hand +HGand ° <

430,000 L] ;. :
¥ ] Welding  Welding lay up Vacuum Vacuum tay up Vacuum Vacuum
N o Weight ton  32.36 28.41 20.77  21.09 9.60 27.93 28.20 21.85
350,000 9 ®  (100.0) (87.8)  (642) (65.2) (29.7)  (86.3) (87.1)  (67.5)
300,000 » Material cost S 24,653 21,644 89,109 90,438 406,102 56,360 57,530 167,360
(%) (100.0) (87.8) (361.5)  (366.8) (1,647.3) (228.6) (233.4) (678.9)

250,000
Fuel cost s

(for 25 years)
CO, emissions
10 (for 25 years)

CO, cost?
5 (for 25 years)

Totalcost ~ § 846,718 743,365 616,745 626,203 649,978 765,887 773,916 722,432
(for 25years) (%) (100.0)  (87.8)  (72.8) (74.0) (76.8) (90.5) (91.4)  (85.3)
' 10

419,871 368,620 269,491 273,643 124,560 362,392 365,895 283,504

200,000

TRatenal costo)
Weight(ton)

150,000

ton 16,088 14,124 10,326 10,485 4,773 13,885 14,020 10,863

100,000

S 402,194 353,101 258,145 262,122 119,316 347,135 350,491 271,568

50,000 / - o
c, Materlal cest of steel hatch cover

o 3
A B C1 C2 C3 D1 D2 D3
* 1: GFRP(Glass Fiber Reinforced Polymer), 2: CFRP(Carbon Fiber Reinforced Polymer), 3: CO, treatment cost

2014-09-17
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Optimal Dimension Design for Ship
Conceptual Design of a Small Submarine (1/3)

Procedure of submarine design

Concept - Concept - Initial Detailed

exploration development design design

« Determination of optimal
dimensions, considering
combat systems, propulsion
and power systems, etc.

Find boloo LB, o ASW . CAL ISR MCM SPW . - -
Maximize F, = Perfornance(X) _and Submarine synthesis program

verall measure of performance

Minimize F, Cost X) and F, = Risk(X
< c ¢ Overall measure(of)nsk Output module
Subjct 0

Constraint about the allowable area
g, =atr—ata(X) <

Constraint about the minimum free flood volume

8 = VW~V (X)<0 frputicets
Constraint about the maximum free flood volume based on

8 =l (X)~ff, <O ]
Constraint about the minimum lead ballast

g, =wlead ;, —W,(X) <0 Mathematical

Constraint about the maximum lead ballast
g4 = W(X)—wlead,, formulation

Constramt about the mmlmum sustained speed Optimal
86 =V —Vs(X) < dimensions

Constramt about the re)%uwred electrical power of
g, =KWg,, - K submarine

Constraints about the minimum GM and GB
=GM,;,,-GM(X)<0 g,=GB,, -GB(X)<0
Constraint about the minimum endurance range
&0 =E —EX)<0 = Optimization problem
Constraint about the minimum sprint range having 14 unknowns

& =By~ E5(X) <0 and 11 inequality constraints

min

Optimal Dimension Design for Ship
- ConceEtuaI Design of a Small Submarine (2/3)

Procedure of submarine design

Concept - Concept - Initial Detailed
exploration development design design
« Determination of optimal « Weight and volume estimation | Application to an example

dimensions, considering « Calculation of equilibrium polygon - Application to the next generation

combat systems, propulsion « Hull form design small submarine of Korean Navy !

and power systems, etc. « General arrangement design

Determination m Weight and Detailed weight and CG

of optimal dimensions volume _estimati - 3 = =

Optimal dimensions

Submarinc synthesis program

o
LOA 116.5ft it
B 18.0ft eshiapnsind g
D 18.0ft P . §
Displacement  631ton e Weight and CG :
Endurance speed  4knots s g 10T €2CH Weight group
Endurance range ~ 1,000NM s i 01 et =
Sustained speed ~ 21knots [= = = -
Sprint range 38NM
Diving depth 250m Calql{lat.|on of
Personnel 12 equilibrium polygon
SPW* No Max 14 for stability check
Endurance 21day = Tt
Propulsion Fuel cell s
Power Li-lon
Performance 0.6580 -
Cost 239M$

Risk

* Special Warfare

< Selected
“optimum

Afe Trim Tank Fore Trim Tank
AuxTonk 2 Aux Tank 1




Optimal Dimension Design for Ship
Conceptual Design of a Small Submarine (3/3)

Procedure of submarine design

Concegt - Concept - In|t_|a| - Deta_lled -
exploration development design design
;':SI!J:"“ « Weight and volume estimation | Application to an example |
. Calﬁﬁlatloz Of. sauilivuumipelvooy « Application to the next generation,
© (I ST @IS small submarine of Korean Navy

« General arrangement design

Design & Technolo
trangfer to ADD i

(Agency for Defense Development)

E General arrangement
design

W

of ADD at Marine Weel

LA 165t

5-te

I mock-up for a small submarine
1

Optimal Dimension Design for Offshore Plant

- Weight Estimation Model U ng the OEtimization Method

Past records for Parameters for Genetic programmin
offshore plants optimization prog 9

ight Extimation Model
Using the Gantic Proprarmming Wethad

e\ e )

— Terminal Set

L B, D, T, H.LWT, DWT, S.C, O.P G_P,

Parameters for terminal set

Dara acquisition +, 5 %, %, sin, cos, exp, ¥ Configuration of the program
from the literature Parameters for functionset [ s | T e -

T T & T g g
Epufsvon e L o
Parameters .
Sebect Genetie
—

Max generation 300 rrproducticn s 7 o
Principal LB DT o Mutation
dimensions H_LWT, DWT Reproduction rate 005 dhdb
Capacity SC, OP, GR. WP Crossover probability 085 o Crossover g o] 2
Miscellaneous CREW Mutation probability 010 Eoolan i ' [Saor epy Q < . Cﬁ)
i Mnn Fertorm ) e \
. E_x_tractlo_n of Pal_'ameters for_ o | aton
initial variables genetic programming Buet S, 115 3638 o o gortation 790

ot e Tos et hiiston Y
| MM

|
——r—
Wervrar i 3 i1 |

Flbwchart of génetic programming

Convergence history
of optimization

" e s ] 0 W W m M
Generation of model Verification of the R
for weight estimation model
. 37,000 36,951 0.999 NOW thiS mode[ can
_ Crow i i B = USAN 27,700 27,672 0.999 , L.
3T075§WT7L6714./31'§ i}"";;;'sz ;;67'38 s_¢ » = I Kizomba A 24,400 24,352 0.998 be applied to the
1253:::;;‘,1(;;;(57 o)) :0 5007) »);-7 + ; 1 Groter Ptonio 24000 e gin weight estimation of
PUERPISITS : Lo Pazflor 37,000 36,918 0.998 a new offshore plant.
67.38-0_P-G_P+ n cLov 36,300 36,318 1.001
. e 4 | Agbami 34,000 33,906 0.997
0.5007-D-sin(H _LWT)-I* ~30033 e o e s
Skarv-Idun 16,100 16,093 1.000 i
RN AR Mean - - 1.001 14
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8.2 Determination of Optimal Principal
Dimensions of Propeller

opics in Ship Design ion, Fall 2014, Myung: 1l Roh "'_Mi
Generals
opics in Ship Design ion, Fall 2014, Myung:Il Roh “!!1_6
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Example of a Propeller

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

M Shipyard: HHI (2007.7.20)

¥ Diameter: 8.3 m

M Weight: 83.3 ton

¥ No of Blades: 5

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 17

Concept of the Determination of Principal Dimensions of
a Propeller

R

| Wheel design|to draw|the carriage with cargo| by one horse|for|[maximum speed|

One Horse = Main Engine Wheel Design = Propeller Design

Friction Power = Resistance of a Ship | | Maximum Speed = Maximum Speed of a Ship

Wheel Diameter = Principal Dimensions of a Propeller

dlal
opics in Ship Design ion, Fall 2014, Myung:Il Roh ‘!_____“




Propeller Components

/ \ DIRECTICN OF ROTATION

LEADING EDGE

TRAILING EDGE

FILLET AREA

SHAFT

BACK

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b »®

Propeller Open Water (POW) Test

M This test is carried out under ideal condition in which the propeller
does not get disturbed by the hull.

M Given: Propeller Dimensions (Dp, P, A /Ao, z), Propeller RPM (n),
Speed of Advance (V,)

M Find: Thrust (K;), Torque (Kg), L&)
Propeller Efficiency (n,) for Advance Ratio (J) —

Uniform flow (V,)

dlalb
ics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____

2014-09-17
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Main Non-dimensional Coefficients of Propeller

From dimensional analysis:

T
(D Thrust coefficient: ———= KT
p-n--D,
@ Torque coefficient: % = KQ
p-n Dy
® Advance ratio: J= Va
n-D,

v,=v-(1-w)

@ Propeller efficiency: n,= i&
(in open water) 2z KQ

v: Ship Speed [m/s]
w: Wake fraction
T : Thrust of the propeller [kN]
Q: Torque absorbed by propeller [KN-m]
7 : Number of Revolutions [1/s]
DP: Propeller Diameter [m]

P: Propeller Pitch [m]

V,: Speed of Advance [m/s]

* Thrust deduction coefficient: The ratio of the resistance increase due to rotating of a propeller at after body of ship

opics in Ship Design Fall 2014, Myvung:Il Roh

gdlab =

POW Propeller Model

*
*

oSUNNEEEEEENEEEEEENEEENy,

U U NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN ENNNEEEENNEEEEENNEEEEEEEEN,
*

Actual Propeller

Geometric Similarity

*
Model Propeller K

“spsssssEmssEEEnEnnnnnt®

‘e

0. *
MTETTIRY] NN NN NN NN NN NN EEEEEEEEEEEEEEEEEEEEEEE sssnnmns?®
aT =K

pn D,

2k, Same non-dimensional

P coefficient

J=ta
"D, (K, Ky.)

v,=v-(1-w)

opics in Ship Design Fall 2014, Myung:Il Roh

ndlab

2014-09-17
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Propeller Open Water (POW) Curve

= Values of K;,K, and 77, at different pitch ratio (£/D,)

K,

03 K

10K, 7,
Ky or

o 05 — =

05 . S
=1 & L
04

- 08y 4 ~ e R \ \
- - ~
[ ~

~ ~ S
Mg -« > ~h
v - - N

P _a=NERSMSMRENIRN

T
K, = > 2
p-n D,
Ky = zQ 5
p-n°-D,
J =
n-D,
I
2r K,

opics in Ship Design i Fall 2014, Myung:| 1l Roh

Forces Acting on Propeller

Propeller Open Water Efficiency =

Vt = n(RPM/60)-D

L: Lift force

D: Drag force

T: Thrust
Q: Torque

T-Vo

2n(RPM/60)-Q

opics in Ship Design i Fall 2014, Myung:| 1l Roh

ndlab

2014-09-17
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Cavitation

M Cavities (small liquid-free zones, “bubble”) are generated by the phase
change of water from liquid to gas due to not temperate change but
pressure change, that is, rapid change of pressure around blades of
propeller.

M Noise and Vibration Problem, Corrosion at the back of blades

Pressure

High  Pressure . Separation of air Liquid

speed drop in water A

. N—
. Cavitation|
Streamline Pressure

i Gas
"n/Cawty (bubbles) Vapor D
pressure Temperature
T — e U

Cavity I Explosion
/ 1

s Back
¥

. Face
T, Streamline

dlab
‘opics in Ship Design ion, Fall 2014, Mvung:Il Roh "'_B__

Mathematical Formulation and Its
Solution

dlal
opics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____

2014-09-17
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Principal Dimensions of a Propeller (1/4)

M Diameter

LEADING
EDGE

BLADE ROOT

ROTATION .
Diameter

SUCTION

~ PRESSURE

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 27

Principal Dimensions of a Propeller (2/4)

M Pitch (P)): Movement forward for one turn of the propeller

B One turn of the screw results in a movement forward which
corresponds to the screw’s pitch.

B Analogously, the propeller has a pitch which can be likened to the
angle of the propeller blades (pitch angle).

B Sometimes, the ratio of pitch and diameter (P,/D;) can be used

instead of the pitch. //4: \
) “gi\\\\%\\\\\\;?] Wons REV.
7 PIT
B

7

dlalb
opics in Ship Design ion, Fall 2014, Myung:Il Roh ‘!_____“
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Principal Dimensions of a Propeller (3/4)

M Blade Expanded Ratio (A /Ao)
B The ratio of the expanded blade area (A;) and the swept area (Ap)

B The smaller ratio is, the higher possibility of cavitation is. ® The
minimum value of the ratio should be given for cavitation-free.

SWEPT AREA - Ao

E*pANDED AREA
(ONE BLADE)

TOTAL BLADE AREA As

® RELATIVE EXPANDED BLADE AREA AE/Ao =
SWEPT AREA Ao

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 29

Principal Dimensions of a Propeller (4/4)

M Ship Speed (v)
m Ship speed at which the propeller efficiency (7,) is to maximized.

B Actually, this speed can be different from the service speed (V)
required by ship owner.
B The ideal case is that this speed is equal to the service speed (V).

dlalb
opics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____

2014-09-17
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[Reference] Advance Speed and Advance Ratio

M The difference between the propeller’s pitch and the real movement is called slip
and is necessary in order for the blades to grip and set the water in motion.

M This means that when the propeller has rotated one turn in the water it has only
advanced part of the pitch (usually in the order of 75~95 %).

M At the same time, the ship will drag water with it, somewhat in front of the
propeller. The water’s speed reduction which can be 5~15% for pleasure boats is
called “wake” and affects the measured value of the slip.

M Advance speed: Speed of advance per unit of time, typically the water speed of the

ship.
Advance Speed @ PITCH % il
@SUPe  ADVANCE _ fj
v=v(l-w) I q -
Ve \
Advance Ratio / } \ v
Py S \ A
v e A \ | /
J = 4 \ [\H_ g ; |
/ ) ‘
n-D P / ADVANCE SPEED /” (?h"’ S,PEE%-.‘\\ /.'
) ‘ L S | Remucenwvwner | \\ 1/,'
where, w: wake fraction ~—
= ONE REVOLUTION —

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 31

Criteria for the Determination of Optimal Principal
Dimensions of a Propeller

M Propeller Efficiency (7,)
m Efficiency of a propeller itself.
B One of components of propulsive efficiency (7))

- K

770 -
2r KQ

DHP = EHP (7, : Propulsive efficiency)
M o =Tlo "1y “TIr Output loses for propeller

7o : Open water efficiency
1y : Hull efficiency
1x : Relative rotative efficiency

FRICTION AND TURBULENCE

USEABLE POWER (50%)
100% POWER IN

AXIAL LOSS

ROTATIONAL LOSS

dlab -
opics in Ship Design ion, Fall 2014, Myung:Il Roh ‘!____;
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Governing Equations for the Determination of Principal
Dimensions of a Propeller (1/3)

Given | z; Pycp kW] nycp [1/5] 5 Ry(v) [AN]

Find D, [m], P;[m], Ag/4, ;v [m/s]

= Condition 1: The propeller absorbs the torque delivered by main engine.

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

Torque delivered by the | __ | Torque absorbed

main engine — | by the propeller

QDiC;

in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 53

Governing Equations for the Determination of Principal
Dimensions of a Propeller (2/3)

Given | z; Pycp kW] nycp [1/5] 5 Ry(v) [N]

Find D, [m], P;[m], Ay/4, ;v [m/s]

= Condition 2: The propeller should produce the required thrust at a given ship speed.

The thrust which is required to propel The thrust which is produced

the ship for the given speed by the propeller

QDiC;

in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b o)
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Governing Equations for the Determination of Principal
Dimensions of a Propeller (3/3)

Given | z; Pyep [kW], nyeg [1/5] 5 Ry(v) [AN] \ /Y

. draft hi \7
Find D, [m], P;[m], Ag/4, ;v [m/s] h

= Condition 3: Required minimum expanded blade area ratio for non-cavitating criterion

can be calculated by using one of the two formulas.

) K: Single Screw = 0.2, Double Screw = 0.1
O Formula given by Keller ¢

Py-P,=99.047 [kN/m?] at 15°C Sea water

AE /Ao > K+ 2(1'3 + 0'32);T h*: Shaft Immersion Depth [m]
D, - (po +pgh — pv) h: Shaft Center Height (height from the baseline) [m]

T: Propeller Thrust [kN]

or @ Formula given by Burrill
Ay 14,2 F-(n, /(l/J)z)/[{l+4.826(1/J)2}~(1.067—0.229'Pi/Dp)]
77R".1_ P.-'{.-V/i K

- 287.4(10f18¥h) ‘

P = DHP -1, [ HP]

|BP =n-P” lvjs n[rpm]

v, :v-(l—w)[knots]l

35

Determination of the Propeller Principal Dimensions for
Maximum 7, (1/6)

By Using Optimization Method

Given | z; Pycp kW] nycp [1/5] 5 Ry(v) [N]

4 Unknowns

Find D, [m], P;[m], Ay/4, ;v [m/s]

2 Equality constraints

= Condition 1: The propeller absorbs the ~ ] )
. . . 1 Inequality constraint
torque delivered by main engine.
, s {1
=p-n Dy K, . . . .
2/m Nonlinear indeterminate equation
= Condition 2: The propeller should produce g
the required thrust at a given ship’s speed. Objective Function: Maximum 7,
R, ) 4 -2 T
=p-n 'DP 'KT 770 271_ K
1-t 0
= Condition 3: Required minimum expanded Propeller diameter(D,), pitch(P;), expanded
blade area ratio for non-cavitating criterion. blade area ratio(Ae/Ao) , and ship speed are
determined to maximize the objective function
(13+03z)-7  oetemn ’
A 1A, 2K+ 5 by iteration.

D, '(po +pgh* _pv)

2014-09-17
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Maximum 7, (2/6)

Determination of the Propeller Principal Dimensions for

Calculation By Hand

1 || Assume the Expanded Area Ratio (A4, / A4,).

v that of the basis ship.

2 || Assume the ship speed v.

v

3 " Express the condition 1 as KQ = CIJS.

Condition 1: L = p~n2 .DP5 'KQ’

27n
% nJ
J=—A4 =>—=—
n-D, v,

A, : Disc area (mDp?/4)

A, : Expanded propeller area

Assume that the expanded area ratio of the propeller of the design ship is the same as

P 1 P nJ
KQ = 3. s 3 T
2rn’p D, 2mnip \ v,

2
:P’insjs :CIJS’ (Cl_
2z pv),

P’

K,=CJ’

Fall 2014, Myvung:Il Roh

gdlab -

opics in Ship Design

B 27zpvj]

Determination of the Propeller Principal Dimensions for
Maximum n, (3/6) Calculation By Hand
4 By using the POW-Curve (K; -Ky-J) of the series propeller data, for example, B-series propeller data,
calculate the intersection point (J;, Kq) between the K, = ¢; - J% of the design propeller and the Ky -Kq-J
curve of the B-series propeller at a given pitch/diameter ratio (P;/D,);. And read the K, and ny, at J;.
Repeat this procedure by varying Pi/Dp J 1y Ky Ky
pitch/diameter ratio P/Dp), | I, o Ky | Ko
K7 (P;/Dp), J o2 K Ko,
0°'lo K (P;/Dp) J, 7 K, K,
Ky -Kq-J curve of H Q = : = = =
the B-series propeller H
I —
0.1 Mo No,2 K,=¢ -J?
No,1
o
i \
Ky = T H
Ko1 at{(Pi/Dy); }
KT[ .......................................... >°\ -
v ; K. ~~. R
J)
J J
opics in Ship Design Eall 2014, Myung:Il Roh ‘!!m
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Determination of the Propeller Principal Dimensions for

Maximum 7, (4/6)

Calculation By Hand

5 || By using the set of Ky, Kq, N, (varied with pitch ratio),

determine J, to maximize n, and pitch/diameter ratio (P;/D,), at J, .

Ky
KQ P,/Dp J i Ky Ko
o Intermediate values are (P/Dp)y | i Moy Kp | Ko
o determined by | @2 | S | m | Kn | Ko
,max . .
interpolation. /5 A Mo | K | Ke
(P/Dp)s | s ms | K | Kos
Mo,
g 5
=c-J

™~

Kq1at (P/Dp),

opics in Ship Design

Fall 2014, Myvung:Il Roh

gdlab

Determination of the Propeller Principal Dimensions for
Maximum 7, (5/6)

Calculation By Hand

Go to

5 " Calculate D, by using J, at step 5.

1 || Assume another expanded

area ratio (4,/4,).

Go to
v v | 2 " Assume another speed v. | +
J — A D — A
n-D, ) P n-J,
No!!
6 || Do the values of Dy, and Ky satisfy the condition 2?
P RT 2 4
Check the condition 2: =p-n*-D, *-K,
1—t X X
Wy Yes!! No!!
Does the expanded area ratio (4, / A,) satisfy the condition 3?
(1.3 + 0.3z)oT

Check the condition 3: A,/ A, > K+ 5 -
W Yes!! DP (p0+pgh _pv)
STOP

opics in Ship Design Fall 2014, Myvung:Il Roh !-n-_‘hb )
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Determination of the Propeller Principal Dimensions for

Maximum 7, (6/6): Summary Calculation By Hand
- | 1 || Assume the Expanded Area Ratio (A, / A4,).
I | ) | Assume the speed v. Cond1t10n1 ................ .,
- i LK,
3 |[ Express the condition 1as K, = C,J°. P 2m :
15t Loop
20 Loop | 4 || By using the set of Ky, Ko, no {varied with pitch ratio):
determine J, to maximize n, and pitch ratio (P;/D,), at J, .
5 : __Vu
3rd Loop Calculate Dy, by using J, at step 4: J, =
n-D, .
! Cond1tlon2 ................
b | 6 || Do Dy, and Ky, satisfy condition 2? PR pn’ .DP.; K,.

7 || Does the expanded area ratio (A, / 4,) satisfy condition 3?

41

Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (1/5)

Given  Pn A,/ A,V

Find J,P/D,
- J

Maximize 1, = —

2z the objective is also a function of J and P/D,.

Subject to ZL =p-n’ -DP5 K,

m : The propeller absorbs the torque delivered by Diesel Engine

L ., Because K; and K, are a function of J and P/D,,
0

P: Delivered power to the propeller
Where, J= V(l — W) from the main engine, KW
- n- D n: Revolution per second, 1/sec
P D;: Propeller diameter, m

KT — f(J’B /DP) P;: Propeller pitch, m
A¢/Ao: Expanded area ratio

KQ :f(J’PI/DP) V: Ship speed, m/s
no: Propeller efficiency (in open water)

®» Optimization problem having two unknown variables and one equality constraint

dlalb -
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____
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Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (2/5)

i =p- n2 .D 3. K. ... (a) : The propeller absorbs the torque delivered by main
2m P 0 engine

The constraint (a) is reformulated as follows:

_Ky_ P’
' 2mpV,;
G(J,P/D))=Ky~C-J° =0 - @)

Propeller efficiency in open water 7, is as follows.

F(J,P/D,)=n, ziﬁ

2r KQ

The objective F is a function of J and P/D,

It is to determine the optimal principal dimensions (J and P/D,) to maximize the

opics in Ship Design

propeller efficiency in open water satisfying the constraint (a’).
gdlab -

i Fall 2014, Myung:| 1l Roh

Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (3/5)

G(J,P;/D,,):Kgfc,ﬁ:o ,,,,, (@)
FULBID) =1y = 2 A e )
Introduce the Lagrange multiplier 2 to the equation (a’) and (b). 2z K,
H(J,P/Dp.2)=F(J,BID,)+AG(J,BID,) - (c)

Determine the value of the P/D, and 1 to maximize the value of the function H.

oK oK
()K= () K, oK
Lyl 0t G (T =50 =00
J  2m K, 2r K, aoJ
oK, oK,
K — K
oH  J {(GB/DP) © (GB/DP) T}M( 0K, =0 - @
aP/D,) 2r K, oP/D,
oH
a:[{Q_C.J»‘:() .......... 3)
opics in Ship Design i Fall 2014, Myung:| 1l Roh q!m
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Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (4/5)

Eliminate A4 in the equation (1), (2), and (3), and rearrange as follows.

a]<Q 6KT _
(a(B/DP)){J-( aJ) 4K}
oK, 7oy g
+(m){5KQ J( Y; )t=0 4)
KQ_C.J5:0 ..... 5)

By solving the nonlinear equation (4) and (5), we can determine J and P/D, to maximize
the propeller efficiency.

ra-w , if we have J, we can find D, Then P; is obtained from P/D,.
n-Up

By definition J =

Thus, we can find the propeller diameter (D,) and pitch (P).

gdlab

opics in Ship Design i Fall 2014, Myvung:Il Roh

Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (5/5)

L—x,B—x,,C, = x|

* Programming by using the Matlab

= Define the symbolic variable: 7 variables

D=31.0 = Input the constant value.

OH

— ..

o 0

OoH

— ...(2

o,
OH / ox, ..(3)
OH /04, ..(4)
OH 104, ..(5)
OH | u ...(6)

—— AH/ds .(7)

\ ‘solve’ is a command for solving
the simultaneous equation.

opics in Ship Design i Fall 2014, Myvung:Il Roh

ndlab
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Determination of the Optimal Principal Dimensions of a Propeller by Using the Lagrange Multiplier
[Reference] Derivation of Eq. (4) from Eqgs. (1)~(3) (1/3)

oK. oK,
1(k J {( ﬁjfj'KQ_( Gf]'KT} oK
i( r]+ +,1{[79],5.CAJ4 =0 e )
aJ J

2\ K, ) 27 K}
K, ) [ Ky )
J \awe/py) " \aw/nyy) ™" A %o @
= + =0 eeee-
2 K, a1 D,)

To eliminate 2, we calculate as follows.

Eq. (1)x _ Ko —Eq. (2)x Ky -5.C-J*}=0
' (P /D,) ' oJ

ﬁKr] [P/Ku] }

N — | Ko=| =7 |-K A 7

Eq. (x| = K, L L _ K, K|, J K, \{( aJ © \ aJ r " K, ) [6) sl
ar/D,)) 2x\e(RID))N\K, ) 22\8(R/D,)) K, oy )|

-
()t _
Ko sl s \a®DY) 7 \oiDy)) T [(3Ke) o Ky, oksY s ol
Eq.(2)><{[ajj5(,]}.2” e & 5.C.J +41%)1€J 5.C.J =0
oK,

Eq. (1)x ¢ __|_Eq.(2)x Ky -5.Cc.J*
’ o(P/D,) ' aJ

(i o el
1( K, ][K,] J[ K, V& aJ J le/D,)) ™ \ar/D,) J[angfs.clﬁ}:o

“2z\ar D)\ K, ) 22\ o D) ) Ky 2z Ky &

2
47

Determination of the Optimal Principal Dimensions of a Propeller by Using the Lagrange Multiplier
[Reference] Derivation of Eq. (4) from Egs. (1)~(3) (2/3)

of —%e g ad(e)_s.c.p0l
Eq. (1) [8(1'2/%)] Eq. () {[ a./] sC

1[ K, j{K’}rj[ 9Ky j{[%)%i[%j&} J{{a(sl/{br))Kg[5(’?%’0)K[}{EEKQ]-S-C.J‘}0

“2x\a® D)\ K, ) 22\ oB D) ) I% 27 I% o/

Multiply 2= and the both side of the equation and rearrange the equation as follows.

oK, K, N J 0K, 0K, K- oK, x 0K, K- oK, K 0K, “s.crllzo
aBIDH)\K, ) K \o/Dy)\ar ) Las )" ar/D,y) ¢ \ae/py) Tl o B
The term underlined is rearranged as follows.

K, (a oK, Ak ﬂ, oK oK i 5 oK
:[ o ][LAK’)»KK o470 |k, 7[7‘](’ ]{—[A”].K‘,Jr o 0 »K,+5~[7‘K’ ]-K‘,-C»J“fs»[h o ]~K,‘C-J
oDy )\ D) )\ o) o /D)y )\ o #1D,) )\ o P/ D,) (P /D,
oK, (oK, a oK o, oK,
(e Y (S Y)Y csTe )
oB Dy )\ ar ok /Dy )\ s o(P /D, o(P 1 D,)

Substituting the rearranged term into the above equation.

oK, e oK, e 5 oK, 5 K,
Ko K|, J %Ko oKy K- oK, | %Ko K45 _oKr Ky C-Jt =5 _Po__ |k, .c.rt|=0
AR /D) )\ Ky ) Ko* [\ OB/ Dp) )\ 0T R I DY N\ eF O(F 1 Dy) O(F 1 Dy)

dlalb -
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Determination of the Optimal Principal Dimensions of a Propeller by Using the Lagrange Multiplier

[Reference] Derivation of Eq. (4) from Egs. (1)~(3) (3/3) 67H7

ok, YK ) . oK, (oK, oK, (K, oK o,
Po_ || K, S 0 [‘A’ Ky | =2 2 | g, +5.| L |k, .cogt -5 e |k .c.Jt|=0
aPIDI\K, ) K, |\a@ Dy N ap D) \ o ARID, ) " ° (P 1D,)

Apply the
Ky VK ), (K [a[s’,]_i7 K, V(Ko) g (oK Yo (K VK cf | distributive property.
ar DI \K, ) \aw oo\ ) K, \eeipy\ar ) K, o /D)) K, aRID)) Ky Ky
. X JT =1
Ky V(K. ), (%o [F/K,]_Li K, YKo\ s of oK | o K ) K o By using Eq. (3) K,
ar by )\%, ) \e@ipp N )k, \e@ip)\ & )k, ~\a@ /D, ariD,)) K,
The underlined term is
%K K)o [ﬁK,]»Li oK, \(Ko) S oK o calculated as follows.
ABID) )\ K, ) \oRIDYN & ) K, \aB/D))\ & ) K, aP/D,))

Multiply K, and the both side of the equation.

oK, &, Vo 5 oK, P
[ I P o [“K’ JaS: o yisk,| =K |op
B D,) ooy \ o aB Dy \ o P /D,

Apply the distributive property. [%‘b/)} (%J
oK oK,
e J.(GKTJ_M(T + __ oK SK,—J - —2l_0g ... 4)
a(P/D,) aJ a(P/D,) aJ

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 9
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Determination of Optimal Principal Dimensions of a Propeller
- Problem Definition

M Problem for determining optimal principal dimensions of a
propeller of a 9,000ton missile destroyer (DDG)
B Objective
® Maximization of the efficiency of propeller (7,)

B Input (Given, Ship owner's requirements)
® P: Delivered power
® D;: Diameter of propeller

® Data related to resistance: R; (total resistance),
w (wake fraction), t (thrust deduction coefficient*),
ng (relative rotative efficiency)

\“s\\\@i = N
wV§mM

N
N
B Output (Find)

® P;: Propeller pitch

i
® A./A,: Expanded area ratio é“{{l“\\{\\\\\\\\\\
® n: Propeller RPS (Revolution Per Second) Q\\\\\\\\\Q\\Q\k\\\\
® V: Ship speed \\\\

* Thrust deduction coefficient: The ratio of the resistance increase due to rotating of a propeller at after body of ship
* Reference: Kyu-Yeul Lee, Myung-Il Roh, "An Efficient Genetic Algorithm Using Gradient Information for Ship Structural Design Optimization”, 51

Journal of Ship Technology Research, Vol. 48, No. 4, pp.161-170, 2001 ‘ b
opics in Ship Design ion, Fall 2014, Myung-Il Roh m

Determination of Optimal Principal Dimensions of a Propeller
- Problem Formulation

Find P,A./A4,,nV | Design Variables |
.. K, — -
Maximize 1, =— —- | Objective Function |
2r K,
P 2 5
Subject to gy =p-n Dy -K, | Constraints |
m : The condition that the propeller absorbs the torque delivered by
R main engine
4
—sz-nz-DP K,
1-1 : The condition that the propeller should produce the required thrust
at a given ship's speed
1.3+0.32)-T,
A, 1 A,> K+ 2( )T,
Dy (p,+p-g-h=p,)
: The condition about the required minimum expanded area ratio
for non-cavitating criterion
Vd-w
Where J=7( 5 ),KT=f(J,R./DP,AE/AO,Z),
n-D,

KQ =f(J,F/Dp, A4,/ 4y,2),T, =Ry [(1-1)
= Optimization problem having 4 design variables, 2 equality constraints, ahd

1 inequality constraint 52

2014-09-17
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- Optimization Res

ult

Determination of Optimal Principal Dimensions of a Propeller

Optimization results according to optimization methods |
nic| 00651 | MR | M5 | BA | orene | withReme
Pi m 8.90 9.02 9.38 9.04 9.06 9.06
A/Aq - 0.80 0.80 0.65 0.80 0.80 0.80
n rpm 88.8 97.11 94.24 96.86 96.65 96.64
V* kts 20.00 19.98 20.01 20.01 19.99 20.00
Mo - - 0.6439 | 0.6447 | 0.6457 | 0.6463 | 0.6528
A LT 8,369 9,074 8,907 8,929 9,016 9,001
BHP HP 13,601 14,654 14,611 14,487 14,447 14,443
Iterﬁct)ion . - 5 267 89 59 63
CPU Time | sec - 0.88 38.07 41.92 40.45 41.39

* V¥ Cruising Speed

* MFD: Method of feasible directions, MS: Multi-start local optimization method, GA: Genetic algorithm, HYBRID: Global-local hybrid optimization method
l!‘gb 53

opics in Ship Design

Test system: Pentium 3 866MHz, 512MB RAM

Fall 2014, Myvung:Il Roh

Dimensions of Ship

8.3 Determination of Optimal Principal
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Generals

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b =

Principal Dimensions (1/2)

Loa
] F‘?I & | i
WL | I g ,Vi N W.L.
wu—m: K4 . ot P -§.\ le
BL =L . il = = = _BL.
' —_—
A.P. Lbp

Lwl
M LOA (Length Over All) [m]: Maximum Length of Ship

M LBP (Length Between Perpendiculars (A.P. ~ F.P.)) [m]
B A_P.: After perpendicular (normally, center line of the rudder stock)

B F.P.: Inter-section line between designed draft and fore side of the stem, which is
perpendicular to the baseline

M Lf (Freeboard Length) [m]: Basis of freeboard assignment, damage stability calculation
W 96% of Lwl at 0.85D or Lbp at 0.85D, whichever is greater

M Rule Length (Scantling Length) [m]: Basis of structural design and equipment selection
M Intermediate one among (0.96 Lwl at Ts, 0.97 Lwl at Ts, Lbp at Ts)

opics in Ship Design i Eall 2014, Myung:ll Roh ‘ 5
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Principal Dimensions (2/2)

= B (Breadth) [m]: Maximum breadth of the ship, measured
amidships
- Broigea: €xcluding shell plate thickness
- Bextreme: including shell plate thickness

= D (Depth) [m]: Distance from the baseline to the deck side
line
- Dinoided: €xcluding keel plate thickness
- Dextreme: including keel plate thickness

' yeig v

ydeg

= Td (Designed Draft) [m]: Main operating draft
- In general, basis of ship’s deadweight and speed/power
performance

= Ts (Scantling Draft) [m]: Basis of structural design

\ ¢

e [ e B

L ueig

Breadth

Air Draft [m]: Distance (height above waterline only or including operating draft) restricted by the port
facilities, navigating route, etc.

- Air draft from baseline to the top of the mast

- Air draft from waterline to the top of the mast

- Air draft from waterline to the top of hatch cover

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 57

Weight and COG (Center Of Gravity)

M Displacement [ton]
B Weight of water displaced by the ship’s submerged part

M Deadweight (DWT) [ton]: Cargo payload + Consumables (F.O., D.O., L.O.,
F.W., etc.) + DWT Constant
= Displacement - Lightweight

M Cargo Payload [ton]: Weight of loaded cargo at the loaded draft

M DWT Constant [ton]: Operational liquid in the machinery and pipes,
provisions for crew, etc.

) Ligrgtwe(ijght (LWT) [ton]: Total of hull steel weight and weight of equipment
on boar

M Trim: difference between draft at A.P. and F.P.
B Trim = {Displacement x (LCB - LCG)} / (MTC x 100)

M LCB: Longitudinal Center of Buoyancy

M LCG: Longitudinal Center of Gravity

* F.O.: Fuel Oil, D.O.: Diesel Oil, LO.: Lubricating Oil, FW.: Fresh Water

dlal -
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Hull Form Coefficients (1/2)

under water v . .

hull forr'n\\ S m  C; (Block Coefficient)
// - = Displacement / (L x B x T x Density)
el / where, density of sea water = 1.025 [Mg/m?]
. - g /
¥ z ///
\l L/ /
e
I - B
Ay Maximum transverse

underwater area = C,, (Midship Section Coefficient)

wider water =Au/ B xT)
Bl form i a

- m  C, (Prismatic Coefficient)
3 = Displacement / (Ay x L x Density)
v
B
T
B S 2
opics in Ship Design ion, Fall 2014, Myung: 1l Roh "'_Ml

Hull Form Coefficients (2/2)

Ayp: Area of
the water plane

= Cyp (Water Plane Area Coefficient)
= Awp/ (LxB)

underwater
hull form

ndlab «

opics in Ship Design i Fall 2014, Myung:| 1l Roh
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Speed and Power (1/2)

M MCR (Maximum Continuous Rating) [PS x rpm]
® NMCR (Nominal MCR)
B DMCR (Derated MCR) / SMCR (Selected MCR)

M NCR (Normal Continuous Rating) [PS x rpm]

M Trial Power [PS x rpm]: Required power without sea margin at the
service speed (BHP)

M Sea Margin [%]: Power reserve for the influence of storm seas and
wind including the effects of fouling and corrosion.

M Service Speed [knots]: Speed at NCR power with the specific sea
margin (e.g., 15%)

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b sl

Speed and Power (2/2)

™ DHP: Delivered Horse Power

B Power actually delivered to the propeller with some power loss in the stern
tube bearing and in any shaft tunnel bearings between the stern tube and the
site of the torsion-meter

M EHP: Effective Horse Power

B Required power to maintain intended speed of the ship
M np: Quasi-propulsive coefficient = EHP / DHP

M RPM margin

B To provide a sufficient torque reserve whenever full power must be attained
under unfavorable weather conditions

B To compensate for the expected future drop in revolutions for constant-power
operation
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Tonnage

M Tonnage: normally, 100 ft3 (=2.83 m3) = 1 ton
B Basis of various fee and tax
B GT (Gross Tonnage): Total sum of the volumes of every enclosed
space
B NT (Net Tonnage): Total sum of the volumes of every cargo space

® GT and NT should be calculated in accordance with “IMO 1969 Tonnage
Measurement Regulation”.

B CGT (Compensated Gross Tonnage)
B Panama and Suez canal have their own tonnage regulations.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b s3

Unit (1/2)

M LT (Long Ton, British) = 1.016 [ton], ST (Short Ton, American) =
0.907 [ton], MT (Metric Ton, Standard) = 1.0 [ton]

M Density ® [ton/m3 or Mg/m3]
B e.g., density of sea water = 1.025 [ton/m3], density of fresh water = 1.0
[ton/m3], density of steel = 7.8 [ton/m3]

™ 1 [knots] = 1 [NM/hr] = 1.852 [km/hr] = 0.5144 [m/sec]
M 1 [PS] = 75 [kgf-m/s] = 75x10-3 [Mg]-9.81 [m/s?]-[m/s]

= 0.73575 [kW] (Pferdestarke, German translation of horsepower)
B NMCR of B&W6S60MC: 12,240 [kW] = 16,680 [PS]

™ 1 [BHP] = 76 [kgf-m/s] = 76x10-3 [Mg]-9.81 [m/s?]-[m/s]
= 0.74556 [KW] (British horsepower)
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Unit (2/2)

M SG (Specific Gravity) ®» No dimension
B SG of material = density of material / density of water
B e.g. SG of sea water = 1.025, SG of fresh water = 1.0, SG of steel = 7.8

M SF (Stowage Factor) » [ft3/LT]
m eg. SF = 15 [ft3/LT] » SG = 2.4 [ton/m3]

™ API (American Petroleum Institute) = (141.5 / SG) - 131.5
H e.g., APl 40 » SG = 0.8251

M 1 [barrel] = 0.159 [m3]
B eg., 1 [mil. barrels] = 159,000 [m3]

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b s

Basic Functions of a Ship

M Going fast on the water
B Hull form: Streamlined shape having small resistance
B Propulsion: Diesel engine, Helical propeller

B The speed of ship is represented with knot(s). 1 knot is a speed which
can go 1 nautical mile (1,852 m) in 1 hour.

M Containing like a strong bowl
B Welded structure of plates (thickness of about 20 ~ 30mm), stiffeners,
and brackets

B A VLCC has the lightweight of about 45,000 ton and can carry crude
oil of about 300,000 ton.

M Navigable safely
B A ship has less motion for being comfortable and safe of passengers
and cargo.
B Maneuvering equipment: Rudder
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Density of steel
= 7.85 ton/m?

Basic Requirements of a Ship ot aE T

Wood
] l 10 ton

Il
B The basic requirements of a ship |l : ] ( : T 10 ton

....................... 1.025 ton/m3

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

» Shape: It should be made to keep low resistance (ex. streamiined shape).
» Propulsion equipment: Diesel engine, Helical propeller
=» Steering equipment: Steering gear, Rudder

(4) Ship should be strong enough in all her life.

» It is made of the welded structure of

steel plate (about 10~30mm thickness) .:rr---rrsrerers i .
and stiffeners. ¢ Ship structural mechanics,

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

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

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 67

Criteria for the Size of a Ship

M Displacement
m Weight of water displaced by the ship’s submerged part
W Equal to total weight of ship
B Used when representing the size of naval ships

M Deadweight

B Total weight of cargo. Actually, Cargo payload + Consumables (F.O.,
D.O., L.O., F.W., etc.) + DWT Constant

m Used when representing the size of commercial ships (tanker, bulk
carrier, ore carrier, etc.)

M Tonnage
B Total volume of cargo
W Basis for statics, tax, etc.
m Used when representing the size of passenger ships

~F.0: Fuel Ofl, DO Diesel OF, LO: Lubricating O, FW: Fresh Water
opics in Ship Design i Fall 2014, Myvung:Il Roh ‘hb 68
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How does a ship float? (1/3)

M The force that enables a ship to float ® "Buoyant Force”
W |t is directed upward.

B It has a magnitude equal to the weight of the fluid which is displaced
by the ship.

RO Ship
Water tank

Water

How does a ship float? (2/3)

M Archimedes’ Principle

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

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

Buoyant force of a floating body
= the weight of the fluid which is displaced by the floating body (“Displacement”)
®» Archimedes’ Principle

M Equilibrium State (“Floating Condition”)
B Buoyant force of the floating body wi A=-W=-pgV

= Weight of the floating body
A 4

..Displacement = Weight =

G: Center of gravity !
B: Center of buoyancy A B
W: Weight, A: Displacement
p: Density of fluid

V: Submerged volume of the floating body

(Displacement volume, V) ! A 70
i
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How does a ship float? (3/3)

M Displacement(A) = Buoyant Force = Weight(W)

=/ . R . T: Draft
A L B T CB p Cg: Brlaock coefficient
H . Density of t
=W =LWT +DWT - twr: Lghtweight

DWT: Deadweight

4| Weight = Ship Welght (Lightweight) + Cargo WEight(Deadweight)
Ship

.......

Ship

Yenn

.
--------

Water

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 7

What is a “Hull form”?

™ Hull form

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

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

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

Wireframe model Surface model

dlalb
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Lines of a 320K VLCC

|

g
gz
gl
LA
i

Sheer Plan

opics in Ship Design
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What is a “"Compartment”?

M Compartment

B Space to load cargos in the ship

m |t is divided by a bulkhead which is a diaphragm or peritoneum of human.
M Compartment design (General arrangement design)

B Compartment modeling + Ship calculation
M Compartment modeling

® Design task that divides the interior parts of a hull form into a number of
compartments
M Ship calculation (Naval architecture calculation)

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

Compartment of the VLCC

74
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G/A of a 320K VLCC

—— _ S . — ——— )
A —r—
~ / yl
=
P
Principal Dimensions Capacities
LOA 332.0m Cargo tank 357,000 m3
LBP 320.0m Water ballast 101,500 m3
B 60.0m
D 30.5m Main Engine SULZER 7RTA84T-D
Td/Ts 21.0/22.5m MCR 39,060 PS x 76.0 rpm
Deadweight at Ts 320,000 ton NCR 35,150 PS x 73.4 rpm
Service speed at Td 16.0 knots No. of cargo segregation Three (3)
at NCR with 15% sea margin Cruising range 26,500 N/M

* Reference: DSME

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 3

What is a “Hull Structure”?

™ Hull structure

B Frame of a ship comprising of a number of hull structural parts such as plates,
stiffeners, brackets, and so on

m Like a skeleton of human
M Hull structural design

m Design task that determines the specifications of the hull structural parts such
as the size, material, and so on

| Hull structure of the VLCC
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Structural Drawing of a 320K VLCC

[ 4

Web Frame Drawing Midship Section (Ordinary Frame Section) Drawing

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b W

What is a “Outfitting”?

M Outfitting
B All equipment and instrument to be required for showing all function of the
ship
©® Hull outfitting: Propeller, rudder, anchor/mooring equipment, etc.
® Machinery outfitting: Equipment, pipes, ducts, etc. in the engine room
® Accommodation outfitting: Deck house (accommodation), voyage equipment, etc.
® Electric outfitting: Power, lighting, cables, and so on
m Like internal organs or blood vessels of human

Pipe model of the VLCC

M Outfitting design "
m Design task that determines the types,
numbers, and specifications of outfitting

opics in Ship Design i Fall 2014, Myvung:Il Roh
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P&ID of a 320K VLCC

| P&ID: Piping & Instrumentation Diagram, Non-scaled drawing representing the relationship between equipment IE“-‘;‘

i

ees tearm s e
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Design Equations
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(1) Owner’s Requirements

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 8

Owner’s Requirements

M Owner’s Requirements
m 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)
° ggrl\\;lice Speed at Design Draft with Sea Margin, MCR/NCR Engine Power &
B Dimensional Limitations: Panama canal, Suez canal, Strait of Malacca, St.
Lawrence Seaway, Port limitations
B Maximum Draft (7,,,)
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

dlal -
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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 oil Carrier)

308.000DWT 318.000DWT

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b &

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.

dlal .
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(2) Design Constraints

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b =

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) [ton],

Cargo hold capacity (V) [, » “Volume Equation”

Service speed (V) [knots], » Daily fuel oil consumption(DFOC)izon/dzy
Maximum draft (7,,,.) [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 1 N/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 Ships [MARPOL],
International Convention on Load Lines [ICLL],
Rules and Regulations of Classification Societies

dlal -
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____

43



2014-09-17

(3) Physical Constraints
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Physical Constraint

¢ 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:

F, =W -
W=LWT+DWT

*Lightweight(LF7T) reflects the weight of vessel being ready to go 1o sea without cargo and
loads. And lightweight can be composed of:
LT = Structrol weight + Outfit weight + Mochinery weight

*Deadweight(DW#T) is the weight that a ship can load till the maximum allowable immersion(at
the scantling drafi(T.}).

And deadweight can be composed of:
DWT= Payload+ Fuel oil + Diesel oil+ Fresh water +Ballast water + etc.
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. . e Physical constraint : hydrostatic
Physical Constraint equilibrium Fy =W (D)

W =LWT + DWT

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

(LLH.S) What is the buoyant force (Fg)?
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.

In shipbuilding and shipping

F = . . V society, those are called as
p =8P

follows :

Volume |j‘> Displacement volume Vv
~ 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 ( ).

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 0

(4) Weight Equation
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V: immersed volume
Vyox © Volume of box

Block Coefficient (Cp) 1 fength - readt
B T : draft
Does a ship or an airplane usually have They have a streamlined shape.

box shape? .
= S —4
i =

B

‘2 Why does a ship or an airplane has a streamlined shape?

\Lt
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.

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

57y T L.BT

0X

pics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 8

V': immersed volume

V o VOlume of box
Shell Appendage Allowance Gl Lo et

Cs : block coefficient

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

Voiea =L B-T-Cy

mo
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.=LBT-C,-(1+a)

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).

[> Fo=g-pVu =p-g-L-B-T-Cy-(1+a)

dlal .
pics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____

2014-09-17

46



2014-09-17

Design Equations e Physical constraint: hydrostatic
. . equilibrium Fy=w ..()
- Welght Equation (RH.S)w = LwT + DWT
(LH.S) F,=p-g-L-B-T-C,-(1+a)

p: density of sea water = 1.025 Mg/m3

o : displacement of shell, stern and appendages
Cy : block coefficient

g gravitational acceleration

p-gL-B-T-Cp-(1+a)=LWT+DWT..(2)

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

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b =

Unit of the Lightweight * Physical con;ira:in;/hydrostatic equilibrium 0
and Deadweight

p-g-L-B-T-Cy-(1+a)=LWT +DWT -(2)

T
i What is the unit of the lightweight and deadweight?
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[Reference] 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.

Mass = 120 kg

Gravity causes weight.

Mass of an object does not change, but
its weight can change.

For example, an astronaut’s weight on the |g
moon is one-sixth of that on the Earth. - %
oon Is one-sixth of that on the Eart o 981 6
But the astronaut’s mass does not change. o ORI e 1 e o
opics in Ship Design i Fall 2014, Myung:Il Roh m

 Physical constraint : hydrostatic equilibrium

Design Equations oo )
- 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-Cyp-(1+a)=LWT+DWT ..(3)

“Mass equation”

where, p = 1.025 Mg/m3
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(5) Volume Equation

dlab o
opics in Ship Design ion, Fall 2014, Myung: 1l Roh "'_B__

Economical Constraints: Required Cargo Hold Capacity
®» Volume Equation

e Economical constraints

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

VCH :f(LaBaD)

: Volume equation of a ship

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

capacity.
‘opics in Ship Design is Fall 2014, Myung:| 1L Roh. qgm
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(6) Service Speed & DFOC
(Daily Fuel Oil Consumption)

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b %

Economical Constraints : Required DFOC (Daily Fuel Oil Consumption)
® Hull Form Design and Hydrodynamic Performance Equation

M Goal: Meet the Required DFOC.

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

of a ship

EHp RO,

Then, the required brake
horse power (BHP) can be
predicted by estimating
propeller efficiency, hull
efficiency, relative rotative
efficiency, shaft transmission
efficiency, sea margin, and
engine margin.

|:> Ship speed
V)
« Total calm-water

resistance (RT(V))

dlalb
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Economical Constraints : Required DFOC (Daily Fuel Oil Consumption)

» Propeller and Engine Selection

(D EHP (Effective Horse Power)

EHP K (in calm water)

(2 DHP (Delivered Horse Power)

EHP (1, : Propulsive efficiency)
DHp =2 1o i IIOPUSE ShEN
My =Mo" My * Mk
D 7, : Open water efficiency
My Hull efficiency

(3 BHP (Brake Horse Power)
Thrust deduction and wake

DHP (due to additional resistance by
BHP = ( 177 : Transmission efficiency) propeller)
ull-propeller interaction
r Hull-propeller i i

@ NCR (Normal Continuous Rating)

Sea Margine

NCR = BHP(1+ )
100
(5) DMCR (Derated Maximum Continuous Rating)
pmcR=— R
Engine Margin

® NMCR (Nominal Maximum Continuous Rating)
DMCR
Derating rate

|:> Engine Selection
<: Engine Data

NMCR =

<:l Resistance Estimation

1x : Relative rotative efﬂciency<::| Prope"er Efficiency

=

¥

101

(7) Regulatory Constraints
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Regulatory Constraints
- Rules by Organizations

B International Maritime Organizations (IMO)
B International Labor Organizations (ILO)

B Regional Organizations (EU, ...)

B Administrations (Flag, Port)

W Classification Societies

B International Standard Organizations (ISO)

opics in Ship Design i Fall 2014, Myvung:Il Roh
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IMO (International Maritime Organization)

(International Maritime Organization)
Conventions, Circulars,

170 Member States Protocol, Codes

LAY || PR —
AN %I- ~

C National Rules and Regulations

3 Associate Members
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IMO Instruments

M Conventions

B SOLAS / MARPOL / ICLL / COLREG / ITC / AFS / BWM ......

™ Protocols

® MARPOL Protocol 1997 / ICLL Protocol 1988

M Codes

H ISM /LSA /IBC /IMDG / IGC / BCH / BC / GC

¥ Resolutions
® Assembly / MSC / MEPC
M Circulars
B MSC / MEPC / Sub-committees ......

opics in Ship Design i Fall 2014, Myung:| 1L Roh m
Regulatory Constraints
- Rules by Classification Societies
M 10 Members
B ABS (American Bureau of Shipping)
B DNV (Det Norske Veritas)
® LR (Lloyd’s Register) Permanent
B BV (Bureau Veritas) Representative
B GL (Germanischer Lloyd) General to IMO
m KR (Korean Register of Shipping) Policy
m RINA (Registro Italiano Navale) Group
® NK (Nippon Kaiji Kyokai)
B RRS (Russian Maritime Register of Shipping) ’ IAcs
B CCS (China Classification Society) Working
Group | |smmunow: socanoy

M 2 Associate Members
B CRS (Croatian Register of Shipping)
m |RS (Indian Register of Shipping)

opics in Ship Design i Fall 2014, Myung:| 1l Roh
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(8) Required Freeboard

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 107

Required Freeboard of ICLL 1966

e Regulatory constraints

- International Convention on Load Lines (ICLL)1966 Fb}
T d

mils

DF -T 2 Fb]CLL(LaBameCB)

: 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 (#b) 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.
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[Appendix] (9) Required Stability

'!‘Eb 109

opics in Ship Design i Fall 2014, Myung:| 1l Roh

Definition of GZ (Righting Arm)

7. =G/ F,

7, : Righting Moment

GZ: Righting Arm
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Damage of a Box-Shaped Ship (GZ Curve)

[ < 7 7/
,
ailicompartment2|Compartment: B B
H Immersion + Trim + Heel
¢

v To measure the damage stability, we should find the a statical stability curve(GZ

curve) of this damage case by finding the new center of buoyancy(B) and center
of mass(G).

Statical Stability Curve

(GZ Curve)
GZ 0 6,: Equilibrium heel angle

max

i L1Y,

6, minimum(,,6,)

(in this case, 6, equals to 6,)

0,
! y > GZ,,: Maximum value of GZ
|
: ' Range: Range of positive righting arm

Flooding stage: Discrete step during the flooding

0 10 20 30 40

50
Heeling Angle
process

6;: Angle of flooding (righting arm becomes negative)
0,: Angle at which an “opening” incapable of being closed weathertight becomes submerged

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b m

[Appendix] (10) Structural Design
in accordance with the Rule of
the Classification Society
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Regulatory Constraint:
Ship Structural Design in accordance with cause
Rule of the Classification Society

® Ship Structural Design
1':

Shear Force: V(x)

Bending Moment: M (x)
Deflection : y(x)

€.
(’;What is designer’s major interest?

6, Actual Stress
y 5, : Allowable
Stress

Stress should meet :

o, <0  where o,

dv(x) M),
T**/U) Larralds
® Safety:... N e
Won't It fail under the load? P A —
i iwhat is our interest?
a shi ® Safety:
a stif?ener } gIObaI Won't it fail under the
load?
a plate } local
® Geometry:

How much it would be
bent under the load?

mol

_ ‘MS + MW ‘ , | Mg = Still water bending moment
- 7 M,, = Vertical wave bending moment
mid

Hydrostatics f(X) : load in still water

Hydrodynamics
= weight + buoyancy

fg (x) : load in still water fW (x) :load in wave

l Ve(x) = [ fo()dx
VS (x) : still water shear force

Mg(x)= jﬂv Ve (x)dx

l Vi (¥)= [ fir (¥)dx
VW (x) : wave shear force

My (x) = [, (o)dx

£ weidh

MS (x) : still water bending

f(x): load in wave

AEIYASE
V=V +Vy ()
M) = M)+ M, (3)

= added mass + diffraction
+ damping + Froude-Krylov + mass inertia

added mass E

diffraction =s== :
* i
A T H

i damping 4
| K

MW (x): vertical wave bendir]

Regulatory Constraint:
Ship Structural Design in accordance with
Rule of the Classification Society

® Ship Structural Design
”

€.
(?;What is designer’s major interest?

® Safety:..,
Won't It fail under the load?
v

a ship T global
a stiffener
a plate }I°ca|

y Hydrostatics, Hydrodynamics

b or(x) T

<Midship section>

X +—A Upper Deck
i I - H
. I | Ty.
Actual stress on midship section should (% How we can meet the rule? H N.A(=7)
be less than allowable stress. Yyl i —X
< ‘Midship design’ is to arrange B.L.
Oaer. = Ouliow o = M,y _ M, +M, the structural members and
w. =

wie Lapy. /v fix the thickness of them to
Allowable stress by Rule : (for example) Secure enough section
s Gy =175, [N/mm’] modulus to the rule.

.M :vertical wave bending moment
.M :still water bending moment

1.4y, moment of inertia from N.A. of Midship section

opics in Ship Design Eall 2014, Myung:ll Roh

ndlab
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[Appendix] (11) Hydrostatic and
Hydrodynamic Forces acting on a Ship
in Waves

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b s

Equations of Motion of a Fluid Element
- From Cauchy Eq. to Bernoulli Eq.

v'Equations of motion Lagrangian &
of a Fluid Element Eulerian Description | Shear force Curl & Rotation

o

’g 7nd

N.e-_wtan_s ;nd L?W Cauchy Navier-Stokes $ Euler Bernoulli

ni = Y F = (Body force Equation Equation Equation Equation
+Surface force) @ L @ @ ®

- - Mass @ 2 oD 1 ~
ﬂ'aff’éfé’o‘i!f! FConservation ELaplaFe o- { V=0 } i [p— +P+ fp‘V(I)‘z +pgz= 0]
Derivation (RTT") Law quation (v=va)]il” o 2

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

fert, N 1) RTT: Reynolds Transport Theorem
@ Inviscid fluid
r: displacement of a fluid particle with respect to the time
dr i
LA,
a e

@ Irrotational flow v

® Incompressible flow

* Lagrangian specification of the flow field: a way of looking at fluid motion where the observer follows an individual fluid parcel as it moves through space and time.
* Eulerian specification of the flow field: a way of looking at fluid motion that focuses on specific locations in the space through which the fluid flows as time passes.

dlal s
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____
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Equations of Motion

of

1) Kundu, P.K., Cohen, I.

M., Fluid Mechanics 5-‘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

a Fluid Element and Continuity Equation

Cauchy Equation:
dt

pﬂ:ngrVoo- ,(V:[u,v,w]r) : Co

Eq

(@ Newtonian fluid*
(2 Stokes assumption**

ntinuity 5P+V. V=0
uation ot P

(in general form) dt

Navier-Stokes Equation: pﬂ:pg—VP+p(%V(V‘V)+VZVJ

(#=0)F® inviscid fuid

) dv
Euler Equation: p7 =pg—

pP= p(P)@@\ Barotroplc flOW(A fluid whose density s a function of only pressure ) i

@ Incompressible flow

L p = constant, (afp = 0]
o
VeV=0
® Irrotational flow
(V=v®)

Laplace 24
Equation Vo=0

Euler Equation: OV
(another form) g

1
+VB=Vxo ’[B_Eq +gz+J— .

=u +v“+wzj

0=VxV
If ®=0, (irrotational flow)
thenVxV =0 —

5
O Steady flow along the streamlines

(4" =vef) @O

rotat1onai.‘f(6W

If VxV=0,

ov _ 0 and vortex lines
ot

Bernoulli B = Constant

Bernoulli 5@

Equation 5~ E‘V(D‘z tgz+ J‘f = F (1),

(Case 2)

Newtonian fluid,
Stokes assumption,
Inviscid fluid,

Equation

(p = constant)

mcompreSSIble flow _'_ d

Unsteady flow,
Irrotational flow,

(Case 1) l 2oy [
[Zq & jp

Bernoulli
equation
(case3)

—+
o 2

od

Lvop + g+ L= Fo
P

Incompressible flow

17

and Gauge Pressure

Meaning of F(t) in Bernoulli Equation

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

z
Prop

| Bernoulli Equation |
oo P

ot

—+—+1\V<D\2 +gz=F()
p 2

mm

33548

.-0 000000
000000

[RANAN

on the free surface (z=0), then
oD

(Pressure at z=0)
oD
ot

—=0,

o Vb=0, P=P,,
%(2/+£+1V L+$/./:F(t)%h:
t p 2 Y2l

P
If a fluid element is in static equilibrium state

F(t)

(Atmospheric pressure (Py,)) =

.'.—+£+1\V®\2 +gz:%
p 2

= P, —

Y

V‘Vt

[§

T1%

P,

Bottom

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

oD PBozmm i‘vd)‘z +gz= —
a2
LV
oD F/m:l ‘vcp\ +gz —4
ot
52+:PF1,4,',1 ‘+—‘V<l)‘ +gz=0
oo p 2

‘gauge pressure’

% 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.

oD
P, =—p——pgz
Fluid P o P&

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

a¥()+@+§y&\+gz:0
ot P

=0 ‘Linearized Bernoulli Equation’

—

Finanic P,

static

' 118
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acting on a Fluid Element

r: displacement of particle with respect to time v Assumption
Pressure and Force s ® Newtonian fluidt

Fp: Diffraction force
Fy: Radiation force
1) RTT: Reynolds Transport Theorem
2) SWBM: Still Water Bending Moment
3) VWBM: Vertical Wave Bending Moment

(@ Stokes Assumption**
@ invicid fluid

@ Irrotational flow  m—
® Incompressible flow

v'Equations of motions

Lagrangian &
of Fluid Particles

Eulerian Description

Shear force

wton’s 2nd = .
N‘e to‘f‘ 52 ‘-?‘W Cauchy Navier-Stokes Euler Bernoulli
mi = Z F = (Body force s . s s
equation equation ¥ equation equation
Sur! force) [€); ,

Curl & Rotation

- o Mass
Microscopic/ R
Macroscopic Conservation
Derivation(R ) Law

Laplace o Vi@ =0 |i[,0®, 5, 1 2 -
Equation. { (V=vo) +P+ p‘VdD‘ +pgz=0

ot 2

-

(— Velocity potintial [0)
® = @, (Incident wave potential)
+®, (Diffraction potential)

+®; (Radiation potential) ) 4

¥Calculation of
Fluid Force

Linearization

G AVl = n]

P=-pgz—p—
P=-pgz-p—

(and (r,k,¥)=

x
J[PAS = By (04 By (6) 4 By (1) + By (1,8, ) ]

N

-

(S, wetted surface Area)

* 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

opics in Ship Design

Fall 2014, Myvung:Il Roh

'!‘Eb 119

Forces acting on a Ship in Waves (1/2) *& 3" =0

Static

N\Ey{/ln\cident wave velocity potential (@, )

P i v Pressure due to the fluid elements around the ship in
wave
P : 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

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
position”

l’ Radiation wave velocity potential (d)R)

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
O, =0,+D,+D,

Superposition theorem

For homogeneous linear PDE,
the superposed solution is
also a solution of the linear
PDE?2.

o,
ot

P=—-pgz—p

Fru = J._[fndS

=F i +Frx +Fp +Fp

1) Newman, J.N., Marine Hydrodynamics, The MIT Press, Cambridge, 1997, pp.287
2) Erwin Krexszig, Advanced Eng\neenng Mathematics, Wiley, 2005, Ch.12.1, pp.535

120
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@, : Incident wave velocity potential

Forces acting on a Ship in Waves (2/2)e, oiaction ptentia

@ ,: Radiation potential

Linearization

1
pE+P+/pWﬁ/l‘v +pgz—0‘ ]
‘ D=, + D

v’ Laplace Equation

Vb =0
D+CDR

Linear combination

of the Basis solutions Basis solutions

v

- oD . ob, o0b, oD
Proia (6, 1,F) = —pgz — p— =" pgzi- ( Ly~ D4~ R
A PEETP o TULET A Ty T T
Pressure of the fluid [N q
elements acting on the = uoyancy (X P (r) + P (r) +5 (r r,¥)
ship 3 : : ,
I ! ' lynamic
= U !
dF : Infinitesimal force of the flui PFIuid = Buovancy (l‘) + FF © (l‘) + FD (l') + FR (l' r l‘)

elements acting on the ship
dS : Infinitesimal Area

n : Normal vector of the
infinitesimal Area

r=[6.6.6.6.8.5]

& surge &, :roll X ( r ) =

: Fopu (X0,
& sway & : pitch Sy
& theave &, yaw

(S5 : wetted surface)

(Forces and moments acting on the ship due to the fluid elements)

P ndS

Integration over the wetted surface area of the ship

11

Hydrostatic Pressure and

Buoyant Force acting on a Ship

3 Pressure: Force per unit area applied in a direction
perpendicular to the surface of an object.

To calculate force, we should multiply pressure by area and
normal vector of the area.

f According to the reference frame, (-) sign is

i 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 dbije ?
What is the force acting on the bottom of an pb]ect dFTOp TUF ‘n dS Tup =P, —pg0
z n, =-k
T A Top = Pat'zl.. i
s + ¥ + Y ¥ VA , n: Normal vector
g H 4t
%éi | AN v +
S N dS : Surface area
N >
PBottomI [ I ‘ I ‘
{PBv/mm = Pamz - pgzj
dFBmtom - PBortom nZdS n,= k
L// : Force acting on the lower differential area
dF = dFy,, +dFy,,, F=[dF = j j pndS (P=P,, =-pg)
Tm n dS =+ PBotmm nzdS Static fluid pressure excluding
4 |:: the atmospheric pressure.
:/Pmﬁgk/)ds +%_ ng)de = —ng.j nzdS Cf) Linearized Bernoulli Eq.
o
=—pgzkdS =k(—pgz-dS) Sy p=,pgz,p%
[
: Force due to the atmospheric pressure is vanished. P
static dynamic
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Hydrostatic Force and Moment acting on a Ship

. ] = Hydrostatic force (Surface force) is calculated by integrating
In case that ship is inclined about x- axis| the differential force over the wetted surface area.
(Front view)

( Sy wetted surface), v Hydrostatic force acting on the differential area
’ dF =P-dS=P-ndS

P is hydrostatic pressure, Pgc.

P=P, . =—pgz
dF =P, -ndS=-pgz-ndS
v’ Total force (S,: wetted surface area)
F=[[PndS =D|F=-pg|[mmas
Sy Sy

(Hydrostatic ffprce acting on the differential area)|
dF = PdS = PndS
P=P

static

= Hydrostatic Moment : (Moment) = (Position vector) X (Force)
v' Moment acting on the differential area

_ =—pgzndS dM =rxdF =rx PndS = P(rxn)dS
dM =rx dF (Differential area) ( )
(Moment acting on v Total moment

the differential area) r

M= ”P(rxn)dS |:> M = —pg”z(rxn)dS

Buoyant Force

1) Erwin Kreyszig, Advanced Engineering Mathematics 9th, Wiley, Ch. 10.7, p.458-463
2) Erwin Kreyszig, Advanced Engineering Mathematics 9, Wiley, Ch. 9.9, p.414-417

F= —,Dgﬂ zndS (S': wetted surface area)
Sp

v' Hydrostatic force

By divergence theorem",
(”f ‘ndA = jﬂVdej
s v
0

2) Oz z . Oz
F= VzdV Vz=—i+—j+—k=k
,Dg_[lJ/.J. “ [ : ox 8yJ 0z ]

kel

vV E When ship moves, the displacement volume (V) of the ship is changed with time.

: The buoyant force on an immersed body has the same magnitude as the weight of the fluid
displaced by the body". And the direction of the buoyant force is opposite to the gravity
(sArchimedes’ 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.

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘hb 123
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1) Erwin Kreyszig, Advanced Engineering Mathematics 9th, Wiley, Ch. 10.7, p.458-463
2) Erwin Kreyszig, Advanced Engineering Mathematics 9™, Wiley, Ch. 9.9, p.414-417

Hydrostatic Moment

v Hydrostatic moment

M =—pg [ (rxn)zds = pg[[ (nxr)zds

(S4: wetted surface) 74 42’

By divergence theorem" ,

j!ijFdV:ijandA

—g .”J. (Vxr)zdV

Because direction of normal vector is opposite,
(-) sign is added

y (1]
o 0 o| (o, 0 .(a azj 0 0 -
Vxrz=— — —|=il—z ——yz|+j —xz——2z" |+K| —yz——xz |=—iy+jx
Ox 0Oy Oz Oy 0z 0z Ox Ox oy
xz yz 2
M= —ng.”[— iy+ Jx]dV
14
opics in Ship Design ion, Fall 2014, Myung:Il Roh m

 Assumption

. ¥ displacement of particle with respect to time
Hydrodynamic Forces e Fr P force  Newtonian luic
Tt ar : ti .
Calculated from 6 DOF (Degree of Freedom) @ F2: Radiation force. @ Stokes Assumption'”
Equations of Ship Motions (1/2) 1) RTT: Reynolds Transport Theorem @ invicid fluid
2) SWBM: Still Water Bending Moment NN @ Irrotational flow
3) VWBM: Vertical Wave Bending Moment ® Incompressible flow
v'Equations of motions | Lagrangian &
of Fluid Particles Eulerian Description [“gp om0
Je 9nd
Newton’s 2°¢ Law Cauchy Navier-Stokes Euler Bernoulli
Iy = ?l‘ = (Body force . .
Equation Equation - Equation Equatlon
+Surface force) €) )
P H
Mass @[5
Microscopic/ .\ Laplace _ : oD 1
Macroscopic >Conservatxon pea Vid=0 Ho—+P+ fp\\/ Q" +pgz=0
Derivation(RTT") L Equation (V=vVo)! Ot )
aw i
v'6 D.0.F equations of motions | N Velocity poténtial @ v Calculation of
. X . . Fluid Force
@ Coordinate system (Reference frame) ® = @, (Incident wave potential)
(Water surface-fixed & Body-fixed frame) +®, (Diffraction potential) Linearization
’ nd AVl =0
@ Newton’s 2" Law + D, (Radiation potential) b 271 o =
Mi = )" F =(Body Force)+(Surface Force) P=—pgz—p—
__________ - N oy
— 1 " g -
_Fgmin(r) + Ll_?@’i(_r_r_r_)___-'q—- QE[,_,‘W ¥, F) ng ndS L)+ F, (1) +F, (1) + F(r, F, I)}
Fgrawl) + FBuuy[mLy (r)+F, (1) +F,(r) (S, wetted surface)
+ FR,Danzp[ng (r,r)+ Fr vtass (r,F)
(displacement: r*[;,é,gx’gugi’éf,] )
Nonlinear terms ® Nonlinear equation & tsurge &, r
=» Difficulty of getting analytic solution & isway & pitch
& theave & :yaw
\ Numerical Method J e
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Hydrodynamic Forces
Calculated from 6 DOF (Degree of Freedom)
Equations of Ship Motions (2/2)

Fr«: Froude-Krylov force [6))
Fp: Diffraction force

Fg: Radiation force @ ,: Diffraction potential

; ¢ Incident wave velocity potential

@ ,: Radiation potential

)
N T
(v Surface forces: Fluid forces acting on a ship !
Fouy (06, 0)= [[ PndS =F,,,,,,., (0 56)+ By (08 F) + B, (n 1) + Fy (5 F) )
2 )

1
: Fluid forces are obtained by integrating the fluid hydrostatic and hydrodynamic :
pressure over the wetted surface of a ship. 1
L\ .

3\

Newton’s 2" Law

\/ 6 D.0.F equations of motion

Mi = )" F = (Body Force) +§

L
gravity + + external
Body force Surface force

AF: Force of fluid elements Fo i (r)# Fzmayancy(ra ,F)+F Hydrodynamic (r,r r) +FLH<’HmI dmamic + Feviemal, suaic’:

acting on the infinitesimal

surface of a ship Assume that forces are constant or proportional to the displacement, velocity and
dS': Infinitesimal surface area acceleration of the ship.

1 : Normal vector of the
infinitesimal surface area M

r:[é’gpé’é’fs"fb]r \_

&surge & :roll
& isway  &: pitch

M, :6x6 added mass matrix
B:6x6 dampingcoeff. matrix

& theave &1 yaw  €:6x6 restoringcoeft, matrix

opics in Ship Design i Fall 2014, Myvung:Il Roh

Shear Force and Bending Moment in Waves

v'Equations of motions
of Fluid Particles

Lagrangian &

Eulerian Description Shear force

Newton’s 24 Law
i = 2 F = (Body force

i = Mass 4
licroscopic/

Macroscopic  [Conservation
Derivation(R ) Law

+Surface force)

Equation

Cauchy Navier-Stokes
Equation ¥/ _ Equation

Curl & Rotation

Euler Bernoulli
Equation - Equgtion

(V=vVo

/Lapla;e - [\/ (I)*()Jf@ oo L Py ig;wt)w +pgz=0

v'6 D.0.F equations of motions

(@ Coordinate system
(Waterplane Fixed & Body-fixed frame)
@ Newton’s 2" Law

=K., () + 1 Ky @EK)
=Fy i+ F/;,,,m,,,,‘ (r)+F, ( (r)+F,(r)
Fy b mping () +Fp o (1)

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

Numerical Method

Mr = Z F =(Body Force)+ (Surface Force

Velocity poténtial @

¥Calculation of

+ D

& (Radiation potential)

@ = @, (Incident wave potential)

+®, (Diffraction potential)

Fluid Force

Linearization

Lvef =0

)]

P=—pgz—p—

(Er {Frn [[.Pods ()+F,,

(1) +F,(r)+

xl".,i")}

(S, wetted surface)

- m(x)az ’ fGnmtv

(a, : Acceleration induced

¢ due to the heave &
B M . pitch motion)

.fF.I\ > fD s —aynd,

=byyv. s fsuic

5

v'Shear force (S.F.) &
Bending moment (B.M.)

Shear force (S.F)

W Integration
Bending moment (B.M.)

2.
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Shear Forces and Bending Moment in Wavet

: Relationship

Newton’s 2" Law
mit = Z F = (Body force

Ship Hydrodynamics, Dynamics IU
rid. e) 3)

with NAOE Undergraduate Courses

SWBM: Still Water Bending Moment
VWBM: Vertical Wave Bending Moment

: Froude-Krylov force v Assumption
iffraction force @) Newtonian fluid®
adiation force !

@ Stokes Assumption**

3 invicid fluid

@ Irrotational flow

® Incompressible flow

Equations of motions | Lagrangian &

Eulerian Description|ear stress

of Fluid Particles

+Surface force)

Cauchy %vier-Stokes ¢
Equation

Equation

0

N
Curl & Rotation

Euler $ Bernoulli
Equation 6 Equgtion

A 4

ot

P+%pW®r+pgz:{

o

)

v'6 D.0O.F equations of motio<::|

@ Coordinate system

@ Newton’s 2" Law

= Fgmvilv (r) +
=F +F

— = gravity Buoyancy

(Waterplane Fixed & Body-fixed frame)

Mr = ZF = (Body Force)+ (Surface Force

(3rd-year undergraduate)

Dynamics (2"d-year undergraduate)

Behavior of ship and its control

ocity potential @

p- O,

+®, (Diffraction potential)
+®; (Radiation potential)

| ———

(Incident wave potentig})

¥Calculation of
Fluid Force

Ocean environment
Information system
(3 -year undergraduate)

A =1]

Fr (CEF) - <

LF

(6, (et = ﬂgﬁdg:&wmxﬂ+ﬂmﬂv+ﬂin+FAnhh]

(r)+ FF.K (r)+ F, (r)

(2"-year undergraduate)

Naval Architecture CalctTation (Ship Stability)

\

Numerical Method

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

N R Fund: tal of Mariti
\ Ship Structural Design system Stlrrzlcim?l] SE::a(t)ics SIS J
(2nd-year undergraduate) &

D (3i-year undergraduate)

(a,: Acceleration induced

) X due to the heave &
i 'B.M . pitch motion)

(3r-year undergraduate)

X,
Design Theories of SKip and Offshore Plant

FK. > fu > Taynd

7b33‘)z > fsmnc

|Bending moment (B.M.)

Shear force(S.F)
¥ Integral

B

Bending moment(B.M.)

[Appendix] (12) Roll Period

opics in Ship Design

Fall 2014, Myung:Il Roh
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1,: added moment of inertia
b : damping moment coefficient

Required Minimum Roll Period
- For example, min. 12 sec

! Derivation of the equation of roll
{ motion of a ship:
i1¢ = ¢ (Euler equation)
= Tbody + TSLlKﬁlFe
R
= Tgmvity + Tﬂuid
s } }
Tgmvity + Thydrustatic + TF K + Tdiﬂi"actian + 7'-mdimion

; 7 v

= tr ~1,6~bp

r exciting
(add mass)
7,=GZ-Fy
~GM -sing-F,
=GM -sing- pgV

~GM -¢- pgV For ssrir[\‘a;)I;¢¢

= _ngGM .¢+Texciling _141¢.$._b¢5
; Equation of roll motion of a ship

Ao (1+Ia).¢+b¢+(ng’GM).¢: Texciting

G: Center of mass of a ship

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

F : Buoyant force acting on a ship

M : Metacenter

r.=GZ-F,

'!‘Eb 131

opics in Ship Design Fall 2014, Myvung:Il Roh

Calculation of Natural Roll Period (1/2)

<—{Second Order Linear Ordinary Differential Equation]

(I+1,)-¢+bp+(pgV-GM)-p=1

exciting

- Objectives: Find the natural frequency of roll motion
: No exciting moment (7. =0)

- Assumption: No damping moment (bg=0)

(I+1,)-9+(pgV-GM)-$=0
Try: ¢=e”
(I+1,)-2*-e"+(pgV-GM)-e" =0
{(T+1,)- 2 +(pgV -GM)}-¢" =0
(I+1,)- 2 +(pgV-GM)=0, (¢ #0)

RO T+,

pgV-GM . _ |pgV-GM .
Lp=Cet +Ce™ = Clev ey Che Vo

ndlab

opics in Ship Design Fall 2014, Myvung:Il Roh
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Calculation of Natural Roll Period (2/2)

pgV-GM . pgV-GM .
i, o,
p=Ce © +Ce ‘

ﬁEuler's formula (¢ = cos g +isin )

Angular frequency (@)

2w
Because @ =——, the natural roll period is as follows:

I1+1
=27 | ——*—
pgV-GM

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 188

Effect of GM on the Natural Roll Period

Roll period

. 1+1,
¢ pgV -GM

(hssumption) 141, =(k-BY pov  © AR e
k-BY -p-V
7, =2z, |B) P

; . °g® . |
zxz/”le\i sashipina light condition ro|7| quickly
. e . . . ?
y 2? slowly? What does this indicate
2.k-B
“Jo | Y

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.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘hb 134
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Effect of GM on the Tangential Inertial Force
due to the Roll Motion

<Container Carrier>

Tangential M !
inertial force ¢

gpics in Ship Design ion, Fall 2014, Myung:| 1l Roh m
Effect of GM on the Angular Acceleration m:\/w
of a Ship '
Roll motion of a ship
¢=C, cos(w-1)+C,sin(w-1)
¢=C’>+C,’ cos(w-1+ f3),B:phase
Angular acceleration of a ship :
¢ =\C’+C,’ & cos(@-t+ )
=Aw’ cos(w -1+ B) ,(A=4C’+C,%)
opics in Ship Design ion, Fall 2014, Myung:| 1l Roh m
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Design Model

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 187

Problem Statement for Ship Design

MGiven
B Deadweight (DWT),
B Cargo hold capacity (V).
W Service speed (V)),
B Daily Fuel Oil Consumption (DFOC), Endurance, etc.

MFind
WL B DT C

dlal s
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____
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(1) Determination of the Principal
Dimensions by the Weight Equation

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 129

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-Cp,-(1+a)=DWT+LWT .03

v’ Given: DWT (owner’s requirement)

p: density of sea water = 1.025 Mg/m? = 1.025 ton/m3
o: a fraction of the shell appendage allowance,

H . displacement of shell plating and appendages as
\/ FI nd. L, B, T, CB a fraction of the moulded displacement
[

DWT + LWT =W

Total

Deadweight is given by owner’s requirement, whereas total weight
is not a given value.
Thus, lightweight (LWT) should be estimated by appropriate assumption.

1t

fi How can you estimate the LWT?
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Weight Estimation: Method 1
Assume that the lightweight is the same as that of the basis ship. (1/3)

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,, .
L-B-T-C,-p-(1+a)=DWT +LWT, .41

It will be noted that finding a solution for this equation is a
complex matter, because there are 4 unknown variables (L, B, T, Cp)
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.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b b

Weight Estimation: Method 1
Assume that the lightweight is the same as that of the basis ship. (2/3)

L-B-T-Cy-p-(1+a)=W
= DWT + LWT,,,..(4.1)
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 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.
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Weight Estimation: Method 1
Assume that the lightweight is the same as that of the basis ship. (3/3)

For example, this is the first set of solution.

The ratios of the principal dimensions /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

in L. L-B-T-C,-p-(I+a)=W

B T
L(12) (8D} erop e
B B\ (T
|\ = |L=||=]-Cy-p-Q+a)=W
[LM LNBJ poprdre)
2
B T
L3~(Lj (B)CB~/)~(1+0:):W .
2
|:> L = w- (L / B)Basis ) (B / T)Basis
p ) CB?Basis ) (1 —I_ le)
opics in Ship Design ion, Fall 2014, Myung:| 1l Roh m
Weight Estimation: Method 2 « Weight equation of a ship
Assume that the total weight (W) is proportional R — @
to the deadweight. Given : DWT, Find 1 L B.1. Cy |
Method @: I = 2—- DT

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.

iHow 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.

DWTBa.vis —
W,

Basis

DwWT
w

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

W — WBasix .D WT
DWT,

Basis

L-B-T-Cy-p-(1+a)=W (4.2)
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Weight Estimation: Method 3 + Weight equation of a ship

Assume that the lightweight could vary PLBT G i o

as the volume of the ship. Given : DIT, Find : 1, 5.1 Co |
Method G): LWwr=C,,,L-B-D

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

v

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

Method 3: Assume that the lightweight is dependent on the
principal dimensions such as L, B, and D.

LWT = f(L,B,D)

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

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

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

L-B-T-Cy-p-(1+a)=DWT+C,,,,-L-B-D _(43)

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b b

Weight Estimation: Method 4 « Weight equation of a ship
Estimate the structural weight(/,), outfit weight pLBT-Cp(l+a)=W

o . ? =DWT+LWT ..(3)
SW z, and machlne:x welght‘W ? in components. Given : DIVT, Find : L B, T, C

Method ®:  LwT =W W, +W,
[} 1

v
fiHow 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 (/7,), outfit weight (/7)), and
machinery weight (7,) in components.

LWT =W, +W,+W,

.
iHOW can you estimate W, W, and WV, ?

Assume that 7, W, W, are dependent on the principal dimensions.
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Structural Weight Estimation: Method 4-1

LWT =W, W, +W,
Assume that the structural weight (W) is a function of L, B, and 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.

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

Method 4-1: | W, =C,-L*(B+D)’

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.

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b hif

Regression Analysis to obtain a Formula
for the Structural 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
logarithmic form

X 2 L ’

Regression analysis plane for data on

- Y = Ao + aXl + ﬂXz : Linear Equation the variables Y, X, and X,

b) If sets of as-built ship data ( Xlt.,X i Yl ) are available,
then, the parameters can be obtaine(i 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, =1

W, =C L' (B+D) | eg.302kvicc: C,=00414

Above equation reflects that length (L) will exponentially affect on the steel weight much more
than other variables, B and D.
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Outfit Weight Estimation: Method 4-2

LWT =W, +W, +W,

Assume that the outfit weight () is a function of L, B: W = f(L,B)
To estimate the outfit weight, we will use the area variable L-B.

W, = f(LB)

For example, assume that outfit weight () is proportional to L-5.

Method 4-2: W =C -L-B

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

W, : structural weight
W, : outfit weight
W,, - machinery weight

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b e

Machinery Weight Estimation: Method 4-3

To estimate the machinery weight, assume that the machinery weight (W#,)

is a function of NMCR:
W = f(INMCR)

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

Method 4-3: W =C, -NMCR

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

m

* 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.

7

€.
ifz Then, how can you estimate the NMCR?
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Estimation of the NMCR

(Nominal Maximum Continuous Rating)

[ shipspeed(s)

Total calm-water

resistance (Ry(v))

A

Propeller BHP

Diesel engine

NN NN NN NN NN NN NN NN NN NN SN NN NN SRR EEE AR
Power, % of L,

r H Sea Margin
1% (NMCR) ~ NMCR->MCR (Derated MCR : DMCR)} NCR=BHP(1+————)
100% T Ly H 100
90% T HE
[ VCR erated : (O DMCR (Derated Maximum Continuous Rating)
80% H
rLs NCR [ engi : :
| Engine margin 90% NCR
70% —
r BHP ! Sea margin 15% DMCR = Engi M .
6% | , > i ngine Margin
i ® NMCR (Nominal Maximum Continuous Rating)
50% T :
L, DMCR
¢ NMCR=———F"—"—
40% Engine speed, % of L, Derating rate

70% 75% 80% 85% 90% 95% 100%105%110%

i (@ EHP (Effective Horse Power)
EHP = RT (V) . K (in calm water)

(2 DHP (Delivered Horse Power)

EHP
DHP =—— ( 77p : Propulsive efficiency)
un
(3 BHP (Brake Horse Power in calm water)
; DHP
BHPijf(nwﬁmmmmdmmm
T

@ NCR (Normal Continuous Rating)
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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 approximately estimated by empirical

formula such as ‘Admiralty formula’.

Admiralty formula:

DHPCalmwutL'r = f(A’ I/s)

C,,: Admiralty coefficient
V, : speed of ship [knots]
A displacement [ton]

_ C, is called “Admiralty coefficient™.

DHPCuImwater = CDHP ! A2/3 ! I/s3 —
A2/3 . VS 3
DHPCalmwater = Ci
ad

c -

Define ad
CDHP

a
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Admiralty Coefficient: A Kind of Propulsive Efficiency (7))

Admiralty formula:

2/3 3
DHP _AT

Calmwater C
ad

@ C,, : Admiralty coefficient

A3y
DHP,

Calmwater

Cad =

Since A?3-V} is proportional to EHP, the Admiralty coefficient can be regarded as a
kind of the propulsive efficiency (7).

EHP

"= bip

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)

'!‘Eb 153
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Machinery Weight in Terms of Principal Dimensions

W, =C, -NMCR
0
NMCR =1y SaMarene, 1L __pyp,
My 100 Engine Margin Derating ratio ’
= Cl : DHPCa[m water
23 3
DHPF, . uer =——, (Admiralty formula)
Cud
vV A=p-L-B-T-Cp-(1+a)
C
W, =C, -—~-(p-L-B-T-Cy-(1+))’* -V}
ad - ~) Define c
s o3 | Cooe =G, Cfl
Wm:Cpower'(p'L'B'T.CB'(l-Fa)) I/v ad

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

must be adjusted to the changed machinery weight.
ndlab -
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Determination of the Principal Dimensions e,
by the Weight Equation Given : DWT, Find ::L%WFTC:LWT -G
Method @:  LWT =W, +W, ﬂ_n_/:'_
| L-B-T-C,-p-(1+a)=DWT +LWT--(3) | .= C, WCR
L WT = WS =+ VI/O =+ Wm W, : structural weight

W, : outfit weight

6 W, : machinery weight
W C -L°-(B+D) v, : speed of ship

A : displacement
p : density of sea water

‘ W =C -L-B ' fton/m?]

‘W =C, - NMCR
\ (L-B-T-C,-(1+a)** V)

pam r

N
L~B-T~CB-p~(1+a)=DWT+C L' (B+D)+C,-L-B (44
(p-L-B-T-Cp-(1+a))** -V}

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, 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. 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.

po wer
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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

RFR =

Annual transported cargo quantity

*Capital cost=Building cost x Capital recovery factor.
i(14+1)"

*CRF(Capital Recovery Factor) =
(Cap v ) a+i)" -1
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(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)
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(3) Determination of the Principal
Dimensions by the Volume Equation
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Determination of the Principal Dimensions
by the Volume Equation

e Economical constraint: Required cargo hold capacity [7’]

- 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.

Vew = f(L,B,D)| > Volume equation of a ship

v" Given: Cargo hold capacity (V) [7’]
v Find: L, B, D

7
c;; How can you represent the cargo hold capacity in terms of
the principal dimensions?
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Determination of the Principal Dimensions =~ u;(;m:f(afjg,g)
by the Volume Equation - Method 1 Given: azrgnlmldcapgeiry,ﬁnd: LB D
Method @:  f(L,B,D)=C,,-L-B-D

7

C:.é How can you estimate the cargo hold capacity?

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

Vey=Cpy-L-B-D

where, the 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.
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Determination of the Principal Dimensions "~ *"**™* "' )
by the Volume Equation - Method 2 Given:Cargaho}ldcapacizy, Find: L B D
Method @:  f(L.B.D)=C,, L, B-D-Cy,

1 Hold capacity can be estimated more accurately by using the length of
C;f; cargo hold (L,) instead of the ship’s length (L)

Method 2: Assume that the cargo hold capacity is proportional to (L, B-D).
Vew =Cey Ly -B-D

L, : Length of the cargo hold

The Length of cargo hold (L,) is defined as being L;, subtracted by L ,,;, Ly, and Lpp;:
LH = LBP - LAPT - LER - LFPT
'E Lyp: Length between
perpendicular
I I L,pr Length between aft
I perpendicular to aft
\\!? < bulkhead
! ! Lypr: Length between
! | : forward perpendicular

Laer Le | Ly Leer | to collision bulkhead
AP FP Lz Length of engine room

where, the coefficient (C,) and partial lengths, L ,,;, L, and Ly, can be obtained from
the basis ship.

dlal
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____

2014-09-17

81



[Summary] Determination of the Principal Dimensions
by the Volume Equation

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

Vey=Cpy-L-B-D

Method 2: Assume that the cargo hold capacity is proportional to
L, B-D.

Vey =Cqy Ly -B-D

Since the method 1 and 2 are used for a rough estimation,
A the cargo hold capacity should be estimated more accurately after the
ATT

ol arrangement of compartment has been made.
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(4) Freeboard
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What is Freeboard*?

e |ICLL (international Convention on Load Lines) 1966

- 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
A i
Fb y D =D +t¢t
D Fb mld stringer
T A mid
mid_y Y
S -/

}

* 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.
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Regulatory Constraint by ICLL 1966

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

Ltstri nger
Fb
T Dmll:l

T
DF -T2 Fb (LaBaDmld’CB)

.
f;.; How can you determine the required freeboard (Fb) ?
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* Volume equation of a ship

Estimation of Freeboard ahen 15 o2 IO B

D,, 2T+ Fb(L,B,D,,,,C,)

ion of the

Fb(L,B,D,Cy)

=C,,-D

i How can you determine the required freeboard (£b) ?

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>Dmld’CB) = CFb 'szd
D, 2T+ CFb 'Dm/d

Fb —

where, the 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,,,,Cy)= f(L;,D,,,Cy,Superstructure, . ,Superstructure,, ;... ,Sheer)

= If ICLL 1966 regulation is not satisfied, the depth should be
changed.
opics in Ship Design it Fall 2014, Myung:| ILRoh
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(5) Estimation of Shipbuilding Cost
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Estimation of Shipbuilding Cost (1/2)

| Objective Function (Criteria to select the proper principal dimensions) |

Assume that the shipbuilding cost is proportional to the weight of the ship.
Building Cost =Cpg - Wy +Cp, -W,+C,y, - 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,s-C,-L'*(B+D)+C,,-C,-L-B+C,,, -C, - NMCR
=Cps-C,-L°(B+D)+C,,-C,-L-B
+C,,-C ... -(L-B-T-C,)*"*-7°

power

: Coefficient related with the cost of the <+— Coefficients can be obtained from the as-built ship data.
PS steel(structural)

CP() : Coefficient related with the cost of the
outfit
. ) Cp =2,223,C,, =4,834, C,,, =17,177
CPM : Coefficient related with the cost of the !
machinery

e.g. The value of the coefficients obtained from the 302K VLCC.
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Estimation of Shipbuilding Cost (2/2)

| Method to obtain the coefficient related with the cost |

The shipbuilding cost is composed as follows:

Shipbuilding Cost=(Man-hour for the steel structure + Material cost for the steel structure)
+(Man-hour for the outfit +Material cost for the outfit)
+(Man-hour for the machinery +Material cost for the machinery)
+Additional cost

X The shipbuilding cost of the VLCC is about $130,000,000.

If we assume that the shipbuilding cost is proportional to the weight of the ship and
the weight of the ship is composed of the steel structure weight, outfit weight and
machinery weight, the shipbuilding cost can be represented as follows.

Building Cost =Cpg - W5 +Cpyy - Wy +Cpy, - Wy,

_ (Man-hour for the steel structure + Material cost for the steel structure)

CPS : Coefficient related with the cost of the steel CPS = W
structure s
Coot C°‘—;,ffiCient related with the cost of the .~ (Man-hour for the outfit +Material cost for the outfit)
outfit Po =
W,
CPM : Coefficient related with the cost of the o
= machinery ~ (Man-hour for the machinery +Material cost for the machinery)

Cpy = W

M
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[Reference] International Completive Power of the Domestic
Shipbuilding and Ocean Industry Wage Level / Production Cost

M Comparison of the Shipbuilding Cost [unit: %]

Korea Japan China
' Steel 17 17 18
Mg’gestgal Equipment 42 43 47
Sub sum 59 60 65
Labor Cost 27 29 19
General Cost 14 13 16
Total sum 100 100 100
opics in Ship Design i Fall 2014, Myung:| 1L Roh m

Deadweight Carrier and Volume
Carrier
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(1) Characteristics of Deadweight
Carrier & Volume Carrier

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 18

Deadweight Carrier vs. Volume Carrier

Deadweight Carrier
is a ship whose weight is a critical factor when the cargo to be carried is "heavy”
in relation to the space provided for it.

The ship will be weight critical when the ship carries a cargo which
has a density greater than 0.77 ton/m3 or inversely
lesser than 1.29 m3/ton.

Ore Carrier

For an example, an ore carrier loads the iron ore (density = 7.85 ton/m3) in alternate
holds, “alternated loading”, therefore this kind of ship needs less than a half of the

hold volume. % Approximate formula
of roll periods (7,)

T=2k~B

s & = oo
F=. ¢
e e o - g 1 %
- GM : Metacentric height

i B : Breadth,
. . . k1 0.32~0.39 for full loading
<Alternated loading in ore carrier> 0.37~040 for ballast condition

Volume Carrier

is a ship whose volume is a critical factor when the
cargo to be carried is “light” in relation to the space
provided for it.

-
Membrane-type LNG
Carrier

R . dlal -
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Examples of Volume Carriers

= Container Carrier

Containers are arranged in bays in lengthwise, rows in
beam wise, tiers in depth wise. 3 oL 2
Therefore, length, breadth and depth of a container
carrier vary stepwise according to the number and size

of containers.

iy
g

Moreover, container carrier loads containers on deck, and that causes
stability to be the ultimate criterion.

= Cruise ship

Cruise ship is a kind of volume carrier because it has
many decks and larger space for passengers.

And the KG is higher which becomes the critical - N
criterion on cruise ship. —

_Crwse Ship

opics in Ship Design i Fall 2014, Myung:| 1l Roh

An Example of General Arrangement (G/A) of
a Cruise Ship (Volume Carrier)

[LTTIT T
1 117}
m s

[T TR TTTT LTI e
s ™

e
J

[ [ 1 1T

\\

EES
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(2) Procedure of the Determination of
Principal Dimensions for Deadweight
Carrier and Volume Carrier

opics in Ship Design
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Procedure of the Determination of Principal Dimensions for
a Deadweight Carrier

«At first, the principal
dimensions such as £, B T
Cy are determined according

to the weight equation.

Weight Equation (Physical Constraint)
lp-L-B-T-C,-(1+a)=DWT +LWT|
v'Given: DWT (owner’s requirements)
vFind: L,B, T, Cg

¥

*Next, the depth is
determined considering the
required cargo hold capacity
according to the volume

equation.

Volume Equation (Economical Constraints)

v'Given: L, B, V., (owner’'s requirements)
v'Find: D

¥

*Then, it should be checked
lastly that whether the
depth and draft satisfy the
freeboard regulation.

Freeboard Calculation (Regulatory Constraints)
D>T+Fb(L,B,D,C,)|

v'Given: L, B, D, T, Cy

v'Check: Whether the chosen depth is equal or greater
than the draft plus required freeboard or not.

opics in Ship Design
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Procedure of the Determination of Principal Dimensions for

a Volume Carrier

«At first, the principal
dimensions such as L, 8 D
1| @€ determined to provide
the required cargo hold
capacity according to the

volume equation.

Volume Equation (Economical Constraints)
Vcn =f(L>B>D)
v Given: V., (owner’s requirements)
v'Find: L, B, D

¥

*Next, the principal
dimensions such as 7, Cy are
2 | determined according to the
weight equation.

Weight Equation (Physical Constraint)

\p-L-B-T-CB-(1+a):DWT+LWT|

v'Given: L, B, DWT (owner’s requirements)
vVFind: T Cp

¥

*Then, it should be checked
lastly that whether the
depth and draft satisfy the

3 | freeboard regulation.

Freeboard Calculation (Regulatory Constraints)
D>T+Fb(L,B,D,C,)]
v'Given: L, B, D, T, Cy

v Check: Whether the chosen depth is equal or greater
than the draft plus required freeboard or not.

opics in Ship Design i Fall 2014, Myvung:Il Roh
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(3) Determination of the Principal
Dimensions of a 297,000 ton
Deadweight VLCC based on

a 279,500 ton Deadweight VLCC
(Deadweight Carrier)
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Example of the Principal Particulars of the Basis Ship of 279,500 ton Deadweight VLCC and
Owner's Requirements of the Design Ship of 297,000 ton Deadweight VLCC

Design Ship: 297,000 Ton Deadweight VLCC (Very Large Crude oil Carrier)

Shape of Midship Section

/ Double bottom

Basis Ship Owner’s Requirements Remark
Loa abt. 330.30m
Lbp 314.00m
Principal B,mld 58.00 m
Dimensions Depth,mld 31.00m
Td(design) 20.90 m 21.50m
Ts(scant.) 22.20m 22.84m
Deadweight (scant) 301,000 ton 320,000 ton
Deadweight (design) 279,500 ton 297,000 ton
90% fﬂpceke((jw(]:; c11555922_;:r/j\fatrgin) 15.0 knots 16.0 knots
TYPE B&W 7S80MC
g MCR 32,000 PS x 74.0 RPM
NCR 28,800 PS x 71.4 RPM
I SFOC 122.1 g/BHP-h
v DFOC 84.4 ton/day Based on NCR
Cruising Range 26,000 N/M 26,500 N/M
Double side Double side

/ Double bottom

Cargo Hold abt. 345,500 m3 abt. 360,000 m3
> H.F.0. abt. 7,350 m?
§ D.0. abt. 490 m?
S Fresh Water abt. 460 m?

Basis Ship
* Dimensional Ratios
L/B=54l,
B/T, =277,
B/D=1.87,
L/D=10.12
© Hull Form Coefficient
CBJ, =0.82
o Lightweight (=41,000 ton)
- Structural weight
~ 36,400 ton (88%)
- Outfit weight
~ 2,700 ton (6.6%)
- Machinery weight

Cargo density = ——————
Cargo hold capacity

_ 301,000
345,500
=0.87[ton/m'1>0.77
N

Ballast

abt. 103,000 m3

Including Peak
Tanks

’ Deadweiéht Carrier ‘
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Determination of the Principal Dimensions of 297,000 ton Deadweight VLCC

Step 1: Weight Equation Step 1: % Step 2: Step 3:
Weight Volume = Freeboard
! ! e oar

Step 1: The principal dimensions such as L, B, 7, and C;,

are determined by the weight equation.

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

p. density of sea water = 1.025 ton/m?
a: a fraction of the shell appendage allowance
=0.0023

[1 Displacement ‘ _ 313,007

312,269

a= =1.0023
Moulded Displaced Volume

basis

v Given: DWT,=297,000 [ton], T, = 21.5[m],
V,=16[knots]

v Find: L, B, Gy,

*Subscript d: at design draft

ndlab
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Step 1: Weight Equation
- Method 2 for the Total Weight Estimation (1/4)

Step 1: Step 2: Step 3:
Weight Volume Freeboard
5 . Calculati

I
p-L-B-T,-Cy,-(1+a) = DWI, +LIT:

........
Given: DWT,=297,000 [ton], T,=21.5[m]
Find: L, B, Cy,

Method 2: Assume that the total weight (W) is proportional to the deadweight.

— WBaA is .D W];
DWT,

d ,Basis

L-BT,-Cyy-p-(l+a)=W

Design ship and basis ship are assumed to have the same ratio of
the deadweight to the total weight.

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

D WT d,Basis — D WTd |::> W — WBa.vis . DWT
WBas[s W D WTd,Basi.v ‘
_ 320,500 297,000

279,500

= 340,567 [ton]
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Step 1: Weight Equation Weght 1>l Vomme > Fredbeard
- Method 2 for the Total Weight Estimation (2/4) ] I‘ i Calculati

p-L-B-T,-C,,-(I+a)=DWT, £LWT:

Given: DWT, =297,000 [ton], T, = 21.5[m]

L-BT,-Cpyp-(1+0)=W  \wis v o
L-B-21.5-C,,-1.025-(1+0.002) = 340,567

DWW "

L-B-C,,-22.08=340,567---(5.2)

There are 3 unknown variables (L, B, C;,) with one given equation.
® Nonlinear indeterminate equation!

Therefore, we have to assume two variables to solve this
indeterminate equation.

The values of the dimensional ratio /B and C;, can be obtained
from the basis ship.

L/B= LBasiS /BBaxis CB,d = CB,a’,Basis =0.8213
=314/58 ’
=5413 _
s St D Avtomaton 4 2014 Mg ndab |
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Step 1: Weight Equation e F Step 2 F Step 3:
. . . ight Volume Freeboard
- Method 2 for the Total Weight Estimation (3/4) Equatlion Equation Calculation
p-L-B-T,-Cy,-(I+a)= DWT, HLWI:
L-B- CB,d -22.08 =340,567--+(5.2) ?iixsp:LDI;V?ﬂw,ooo [ton], T, =21.5[m]
L/B=5413,C,, =08213 Method 2: P ——

Substituting the ratio obtained from the basis ship into the equation
(5.2), the equation can be converted to a quadratic equation in L.

L-(L/(L/B))-Cp,-22.08=340,567
L(L/5.143)-0.8213-22.08 = 340,567
L’-3.349 = 340,567

- L =318.85[m]

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 185

. H : S 1 S 2: S 3:
Step 1 Welght Equatlon . . . V\tlzﬂyht F Vtoelzme F F:::board
- Method 2 for the Total Weight Estimation (4/4) ) I‘ i Calculati
p-L-B-T, 'Cu,(/‘(1+a)=DWZ/ +:LWT-
L =318.85 [m] Given: DWT, = 297,000 [ton], T, =21.5[m]
Find: L, B, Cy,
Method 2: ;. Weu  pyr
DWT, puss !

We can obtain B from the ratio L/B of the basis ship.
B=L/(L/B)

=318.85/5.413

=58.90 [m]

- L =318.85[m], B=58.90[m], Cy,=0.8213

Then, the depth is determined considering the required cargo hold
capacity by the volume equation.

And it should be checked lastly that whether the depth and draft
satisfy the freeboard requlation.

ndlab

opics in Ship Design i Fall 2014, Myung:| 1l Roh

2014-09-17

93



Determination of the Principal Dimensions of 297,000 ton Deadweight VLCC
- Step 2: Volume Equation (1/2) Step 1: % gt N step3:

Weight
uati Caleul

Step 2: Next, the depth is determined considering the
required cargo hold capacity by the volume equation.

VCH :f(L,B,D)

v Given: L =318.85[m], B =58.90[m], V-, = 360,000[m’]

v Find: D

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 15z

Determination of the Principal Dimensions of 29 = = Hp Je > gj( pep >
- Step 2: Volume Equation (2/2) juati u Calculati

Vew = f(L,B,D)
Given: L=318.85[m], B=58.90[m], V;; = 360,000[n°]
Find: D

Assume that the cargo hold capacity is proportional to L-B-D.
f(L,B,D)y=C,,-L-B-D

Vey=Cpy-L-B-D

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

c - Va | _ 345,500 s
“ " L-B-D 314-58-31

Basis

We use the same coefficient C, for the determination of depth.
Vey =Cey-L-B-D
360,000 =0.612x318.85x58.90x D

S.D=31.32[m]

dlal s
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Determination of the Principal Dimensions of 297,000 ton Deadweight VLCC

- Step 3: Freeboard Calculation (1/2) Step 1: % Step 2: Step 3:
Weight Volume Freeboard
Juati Equation Calculation

Step 3: Then, it should be checked whether the depth
and draft satisfy the freeboard regulation.

DFb 2> ]; +Fb(L9B9Dmld’ CB,d) }
(Dpy = Doy + e )

v Given: L = 318.85[m], B =58.90[m], D (=D,,,) = 31.32[m],

TS;Req- = 22.84[}7’1], CB,d,Basis = 0'82139 8 = 0.02[1’1’1]

tringer, Basis

v" Check: The freeboard of the ship should be larger
than the required freeboard.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 18y

Determination of the Principal Dimensions of 29 == Hp Je > gj( hep >
- Step 3: Freeboard Calculation (2/2) quati i Calculati

I
. DFh 2]1 +Fb(L’B’Dml([’CB.([)
At the early design stage, there are few data Given: L=318.85[n], B=58.90[m], D (=D,,,)=31.32[m],
available for estimation of required freeboard. T,=22.84|m], Cp /~0.8213, 1,,;,,~0.02[m]
Thus, the required freeboard can be estimated Check: Freeboard of the ship should be larger than that

A N in accordance with the freeboard regulation.
from the basis ship.

Assume that the freeboard is proportional to the depth.
Fb(LaB’DmldaCB,d) = CFb D ld

m

D, 2T +C,,-D

mld

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

c, =0 I3 ()53
D 1

mld | Basis

Check: Freeboard of the design ship
Dy 2T +Cp, - D,y

D, +t 2T +Cy-D,

mld stringer m

31.32+0.022>22.84+0.253 -31.32

31.34>30.76 : Satisfied
It is satisfied. However, this method is used for a rough estimation. Thus, after the
principal dimensions are determined more accurately, freeboard needs to be calculated

more accurately in accordance with ICLL 1966. 190

2014-09-17

95



2014-09-17

Step 1: Weight Equation e % o % e
- Method 3 for the Lightweight Estimation (1/3) Equation i Calculation

I
p-L-B-T,-Cy,-(1+a) = DWI, +LIT:

........
Given: DWT, = 297,000 [ton], T,=21.5[m]
Find: L, B, Cy,

Method 3: Assume that the lightweight could vary as the volume of the vessel
represented by L-B-D.
P y LBL Lwr=C,,;L-B-D

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

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

LWT | 41,000

= = = .072
YT L.B-D 314.58-31

Basis
L-B-T,-C,,-p-(1+a)=DWT,+C,,, L-B-D
L-B-21.5-C4,-1.025-(1+0.002) = 297,000+ 0.072-L-B-D
L-B-Cy,-22.08=297,000+0.072-L-B-D---(5.3)

There are 4 unknown variables (L, B, D, C; ;) with one given equation.
®» Nonlinear indeterminate equation!

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b Ao

Step 1: Weight Equation Weight > Volame > Frecboard
- Method 3 for the Lightweight Estimation (2/3) i juati Calculati

i |
p+L-B-T,-C,,-(I+a)=DWI, SLWT:

Given: DWT, =297,000[ton], T, = 21.5[m]

L-B-C,,-22.08=297,0004+0.072-L-B-D---(5.3) Find: L, B, Cy,
: Method 3: LWT=C,,,L-B-D

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

The values of the dimensional ratios /B, B/D and Cj;, can be
obtained from the basis ship.

L / B = LBaSix /BBasiS B / D = BBaxix /DBasiS CB,d = CB,d,Basis = 08213
=314/58 i =58/31 '
=5.413 =1.871

Substituting the ratios obtained from the basis ship into the equation
(5.3), the equation can be converted to a cubic equation in L.

L-(L/(L/B))-Cy,-22.08=297,000+0.072-L-(L/(L/B))-(L/(L/B)/(B/D))

dlal
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Step 1: Weight Equation
- Method 3 for the Lightweight Estimation (3/3)

L-(L/(L/B))-C,,-22.08=297,000+0.072-L-(L/(L/B))-(L/(L/B)/(B/D))
L(L/5.143)-0.8213-22.08 =297,000+0.072- L-(L /5.413)-((L/5.413)/1.871)
I7-3.349=297,000+L*-0.0013

- L=318.48 [m]
Then B is calculated from the ratio /B of the basis ship.
B=L/(L/B)
=318.48/5.413
=58.82[m] . L=318.48m], B=58.82[m], C,,=0.8213

Then, the depth is determined considering the required cargo hold
capacity by the volume equation.

And it should be checked lastly whether the depth and draft satisfy
the freeboard regulation.
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Step 1: Weight Equation

Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Weight ~ => Volume > Freeboard
. Equation | Calculation
in Components (1/7) I

Given: DWT,=297,000 [ton], T, =21.5[m], V = 16 [knots]
Find: L, B, Cy,

Method 4: Estimate the structural weight (/7,), outfit weight (J7,), and
machinery weight (/7,) in components.

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

Structural weight (7)) is estimated as follows:
W.=C, L (B+D)

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

w, | 36,400
CS: 1.6 , = 1.6
L'*-(B+D) 314758 +31)

=0.0414

Basis

QDiC;
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Step 1: Welght Equation Step 1: Step 2: Step 3:

- Method 4 for the Lightweight Estimation Weight Volume  —>/ Freeboard
. Equation Equation Calculation
in Components (2/7) I

Given: DWT,=297,000 [ton], T, = 215[m]V; =16 [knots]
Outfit weight (/7)) is estimated as follows: Find: L, B, Cp
Method 4: LWT =W _+W, +W,

W =C,-L-B
The coefficient C, can be obtained from the basis ship.
.= W, = 2,700 =0.1483
L-Bly,, 314-58 Main engine of basis ship
: 7S80MC-C
Machinery weight (/7,) is estimated as follows: S
ME-CT i R
W, =C,-NMCR o e
The coefficient C,, can be obtained from the basis ship. L
NMCR =27,160[kW]
C, = W, | _L900 0.0514 36,952[PS]
" NMCR|, 36,952 —

NMCR can be estimated based on the resistance estimation, power prediction,
and main engine selection. However, there are few data available for
estimation of the NMCR at the early design stage. Thus, NMCR can be
estimated using ‘Admiralty formula’.
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Step 1: Weight Equation

Step 1: Step 2: Step 3:

- Method 4 for the Lightweight Estimation Weight ) Volume > Freeboard
in Components (3/7) | i
p-L-B-T,-Cy,-(1+a@) = DWT, £LIT:
1 1 Given: DWT,=297,000 [ton], T, = 21.5[m], Vs = 16 [knots]
NMCR — NCR Find: L, B, Cy,

H Engine Margin Derating ratio Method 4 LWT =W, + W, 4,
<~ (Engine Margin = 0.9, Assumed Derating ratio =0.9)

NMCR =1.265-NCR

By applying the ‘Admiralty formula’ to the NCR, the NMCR also can be
estimated.
A3 .p3
NCR = AT
Cad
The coefficient C,, can be obtained from the basis ship.
g C, - ANC; :%:54&82 (V. s s s =15 o)
FRENE o
NCR =——
548.82
A%
AZ/} . V3
NMCR =1.265-———
548.82
=0.0022-A"7-7
opics in Ship Design ion, Fall 2014, Myung:Il Roh m
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Step 1: Weight Equation
- Method 4 for the Lightweight Estimation

Step 1: Step 2: Step 3:
Weight Volume Freeboard
5 N Caleulati

in Components (4/7) o
p-L-B-T,-Cy,-(1+a@)= DT, £LIVT:
W =C -L"-(B+D) C, =0.0414 Given: DWT,,:VZ97,000 [ton], T,=21.5[m], Vs = 16 [knots]
s s Find: L, B, Cy,
W,=C,-L-B ¢, =0.1483 Method 4: LIWT =, + W, +JV/.;
W, =C, -NMCR C,=0.0514 .........
NMCR =0.0022- A2 7.} W, =C, NMCR:

L-B-T,-Cy,-p-(I+a)=DWT, +W +W, +W,
L-B-T,-Cy,-p-(l+a)=DWT,+C,-L'"*-(B+D)+C,-L-B+C, - NMCR
L-B-T,-Cy,-p-(1+a)=DWT,+C,-L"*-(B+D)+C, -L-B

+C, -(0.0022-A*3.V?)
L-B-T,-Cy, p-(1+a)=DWT,+C,-L"*-(B+D)+C,-L-B

+C, (0.0022-(L-B-T,-C, - p-(1+a)) V)

L-B-21.5-C,,-1.025-(1+0.002) = 297,000+ 0.0414- L'* - (B + D) +0.1483- L B
+0.0514-(0.0022-(L-B-21.5-C,,-1.025-(1+0.002)) " 16°)
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Step 1: Weight Equation
- Method 4 for the Lightweight Estimation
in Components (5/7)

L-B-215-C,,-1.025-(1+0.002) = 297,000+ 0.0414-L'* - (B+ D)+0.1483-L- B
+0.0514-(0.0022-(L-B-21.5-C,,-1.025-(1+0.002))”" - 16°)

L-B-C,,-22.08=297,000+0.0414-L"°-(B+D)+0.1483-L- B
+0.00012-(L-B-C,,-22.08)**-16 - (5.4)

There are 4 unknown variables (L, B, D, C; ;) with one equation.
®» Nonlinear indeterminate equation!

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

The values of the dimensional ratios L/B, B/D, and C;, can be
obtained from the basis ship.

L/B=Ly, /By, B/D =By, | Dy, CB,d = CB‘d,Ba:is =0.8213
=314/58 =58/31
=5.413 =1.871 :
opics in Ship Design ion, Fall 2014, Myung:Il Roh m
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Step 1: Weight Equation
- Method 4 for the Lightweight Estimation
in Components (6/7)

Step 1: Step 2: Step 3:
Weight Volume Freeboard
5 N Caleulati

|
p-L-B-T,-Cp,-(1+a)=DWIT, +LWI:

Given: DWT,=297,000 [ton], T, = 21.5[m], Vs = 16 [knots]

L-B-C,,-22.08=297,000+0.0414-L"*-(B+D)+0.1494-L-B Giuen i
- Ly By Cpa
+0.00012-(L-B-C,,-22.08)* 16’ ---(5.4) Method 4: LIWT = W+ 417
- s [ H
L/B=5413, B/D=1871,C;, =0.8213 =V
=G NMCR: :

Substituting the ratios obtained from the basis ship into the equation
(5.4), the equation can be converted to a cubic equation in L.

L-(L/(L/B))-C,,-22.08=297,000+0.0414-L"-((L/(L/B))+(L/(L/B)/(B/D))
+0.1483-L-(L/(L/ B))
+0.00012-(L-(L/(L/B))-Cy,, -22.08)**-16°
L-(L/5.413)-0.8213-22.08=297,000+0.0414-L"° - ((L /5.413)+ (L /5.413/1.871))
+0.1483-L-(L/5.413)
+0.00012-(L-(L/5.413)-0.8213-22.08)** - 16’
[’+3.349=297,000+0.0414- L' (0.185- L +0.099- L)
+0.0274-I* +0.00012 - (I* -3.349)*" .16’

. L=318.57 [m]
opics in Ship Design i Fall 2014, Myung:| 1L Roh m
Step 1: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Weight ) Volume > Freeboard
in Components (7/7) 1 i
p-L-B-T,-Cy,-(I+a) = DWI, £LIT
Given: DWT,=297,000 [ton], T, = 21.5[n
Find: L, B, Cy,
L=318.57 [m] Method 3: LIWT =W, + W, +iJ¥}

Then, B is calculated from the ratio L/B of the basis ship.
B=L/(L/B)
=318.57/5.413
=58.84 [m]

- L=318.57[m], B=58.84[m], C,, =0.8213

Then, the depth is determined considering the required cargo hold
capacity by the volume equation.

And it should be checked lastly whether the depth and draft satisfy
the freeboard regulation.
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(4) Determination of Principal

Dimensions and Block Coefficient of
a 160,000 m3 LNG Carrier based on
a 138,000 m3 LNG Carrier (Volume

Carrier)

opics in Ship Design Fall 2014, Myvung:Il Roh
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Example of the Principal Particulars of a Basis Ship of 138,000 m3 LNG Carrier and

Owner's Requirements of a 160,000 m3 LNG Carrier

Design Ship: 160,000 m3 LNG Carrier

Basis Ship Owner’s Requirements Remark
Loa 277.0m
[ 266.0 m
Principal Bt 43.4m
Dimensions Do 26.0m
T4 (design) 11.4m 11.4m
T, (scant) 12.1m 12.1m
Cargo Hold Capacity 138,000 m? 160,000 m3
Service Speed 19.5 knots 19.5 knots
) 2 Stroke
Type Steam Turbine Diesel Engine (x2)
Main Engine | ppcR 36,000 PS x 88 RPM With Engine Margin
NCR 32,400 PS x 85 RPM With Sea Margin 21%
SFOC 180.64 g/BHP-h
Deadweight (design) 69,000 ton 80,000 ton
DFOC 154.75 ton/day
Cruising Range 13,000 N/M 11,400 N/M

Basis Ship
« Dimensional Ratios
L/B=6231,
B/T,=3.28l,
B/D=1.67,
L/D=10.23
o Hull Form Coefficient
C, ,=0.742
e Lightweight (=31,000 ton)
- Structural weight
~ 21,600 ton (=70%)
- Outfit weight
~ 6,200 ton (= 20%)
- Machinery weight
~ 3,200 ton (= 10%)

Cargo density = M
Cargo hold capacity
_ 69,000

138,000

=0.5[ton/ m'1<0.77
Py W

Volume Carrier

opics in Ship Design Fall 2014, Myvung:Il Roh
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Determination of the Principal Dimensions of 160,000 m3 LNG Carrier

- Step 1: Volume Equation (1/4) Sl Step 2 step3:
Equation Equation Calculation

Step 1: The principal dimensions such as Z, B, D are
determined considering the required cargo hold capacity
by the volume equation.

VCH :f(LaBaD)

v Given: V= 160,000[m’]

v Find: L, B, D

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 208

Determination of the Principal Dimensions (Stpt: ) Ste2 N Steps: = ar

. Volume Weight => Freeboard
- Step 1: Volume Equation (2/4) at i Calculati

Given: Vg, =160,000(m]
Find: L, B, D

Assume that the cargo hold capacity is proportional to L-B-D.
f(L,B,D)y=C,,-L-B-D

Vey=Cpy-L-B-D

Coefficient C,; can be obtained from the basis ship.

c. -V | __138,000 =0.460
“ " L.B-D 266-43.4-26

Basis

Ve =CeyL-B-D
160,000 =0.460-L-B-D---(6.1)

There are 3 unknown variables (L, B, D) with one equation.

® Nonlinear indeterminate equation!

dlab 2o
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Determination of the Principal Dimensions (St )( Step2 P Step3 o
olume Weight Freeboard

- Step 1: Volume Equation (3/4) uat
Ve, =if (L. B.D}
_ Given: V= 160,000[m°
160,000 =0.460- L B-D-+(6.1) Giver ¥y~ 1600000
f(L,B,D)=C¢-L-B-D

Therefore, we have to assume two variables to solve this

indeterminate equation.
The values of the dimensional ratios L/B and B/D can be

obtained from the basis ship.

L / B= LBasis / BBasis B / D= BBZI.Yi.T / DBaxis
=266/43.4 =43.4/26
=6.129 =1.670

Substituting the ratios obtained from basis ship into the equation
(6.1), the equation can be converted to a cubic equation in L.

160,000 =0.460-L-(L/(L/B))-(L/(L/B)/(B/ D))
160,000 = 0.460-L-(L/6.129)-(L/6.129/1.670)

160,000 = 0.007 - *
- L=279.4[m]

'!‘Eb 205
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Determination of the Principal Dimensions of 160,000 m3 LNG Carrier
- Step 1: Volume Equation (4/4)

L=2794 [m]

We can obtain B and D from the ratios L/B and B/D of the basis ship.

B=L/(L/B) : D=L/(L/B)/(B/D)
=279.4/6.129 i =279.4/6.129/1.669
=45.6 [m] P =273 [m]

- L=2794[m], B=456[m], D=27.3[m]

ndlab
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Determination of the Principal Dimensions of 160,000 m3 LNG Carrier
- Step 2: Weight Equation Step 1: % Step 2: step 3:

Volume Weight z Freeboard
X 3 Calculati

Step 2: Then, block coefficient (C; ) is determined by
the weight equation.

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

p : density of sea water = 1.025 ton/m?
a : a fraction of the shell appendage allowance
= 0.002

v Given: L =279.4[m), B=45.6[m], D =27.3[m], T,=11.4[m],
DWT,=80,000[ton], V, =19.5[knots)

v Find: Cy,

*Subscript d: at design draft

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 207

Step 2: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Volume  —> Weight ~ —> Freeboard
in Components (1/5) 1 Eq ; Calculation

Given: L = 279.4[m], B = 45.6[m], D = 27.3[m], T, = 11.4[m],
DWT, =80,000[ton], V=19.5[knots]
Find: Gy,

Method 4: Estimate the structural weight (7)), outfit weight (7)), and
machinery weight (/7,) in components.

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

Structural weight (W) is estimated as follows:
W.=C, L (B+D)

The coefficient C, can be obtained from the basis ship.
w, | 21,600

T 266'°-(43.4+26)

C =— =0.0410
*I.(B+D)

Basis

dlab -
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Step 2: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Volume  —> Weight ~ —> Freeboard
Equation Equation Calculation

in Components (2/5)

p-L-B-T)-Cp,-(I1+a)=DWT, +LIVT:
Given: L = 279.4[m], B = 45.6[m], D = 27.3|m], T, = 11.4[m],
DWT, =80,000t0n], V=19.5[knots]

Outfit weight (W) is estimated as follows: Find: Cyy
Method 4: LWT =W _+W, +W,

W =C,-L-B
The coefficient C, can be obtained from the basis ship.
= ., = 6,200 =0.5371
L-B|y,, 266-43.4

Because the main engine of

Machinery weight (W,) is estimated as follows: the basis ship is steam

W =C -NMCR turbine, NMCR of the basis
m m ship is equal to MCR of that.
The coefficient C,, can be obtained from the basis ship. NMCR,,,, = MCR,,,,
w 3,200 =
c = | _3200 ) oso 36,000[PS]
NMCR|,,... 36,000

At the early design stage, NM/CR can be estimated by ‘Admiralty formula’.

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 20

Step 2: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Volume  —> Weight ~ —> Freeboard
. ] Eq Calculation
in Components (3/5) I
p-L-B-T,-Cy,-(I+a)= DWI, +LIT:
1 1 Given: L =279.4[m], B =45.6[m], D =27.3[m|, T, = 11.4[m],
NMC R _ . .NCR ) DWT, = 80,000[t0n], V=19.5[knots]
. . . . Find: C,
Engine Margin Derating ratio z
Method 4: LWT =W +W +W,

@(Engine Margin = 0.9, Derating ratio = 0.9)
NMCR =1.265-NCR

By applying the ‘Admiralty formula’ to the NCR, the NMCR also can be
estimated.
A3 .p3
NCR = AT
Cad
The coefficient C,, can be obtained from the basis ship.
g C, = A;\;;“} - 100’2202;;9‘53 249305 (Vs ser ams =19-STkriot)
IRENE o
NCR =——*
493.05
N
A2/3 . 3
NMCR=1265-2 0+
493.05

2/3 3
=0.0025-A%° V.
opics in Ship Design jon, Fall 2014, Myung-Il Roh m
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Step 2: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Volume  —> Weight ~ —> Freeboard
Equation Equation Calculation

in Components (4/5)

p-L-B-T,-Cy,-(I+a)=DWT, +L]i

= AR = Given: L =279.4[m], B = 45.6[m], D = 27.3[mi, ;= 11.4[m],
W.=C.-L7-(B+D) ¢, =00410 ) DWT, = 80,000[t0n], V=19.5[knots]
W, =C,-L-B C,=0.5371 Find: C,,
W, =C, - NMCR C, =0.089 Method 4: LWT =W, +W, +W,

NMCR =0.0025-A* .7}
L-B-T;-Cyy-p-(l+a)=DWT, + W +W,+W,

L-B-T,-Cp,-p-(I+a)=DWT,+C,-L"*-(B+D)+C,-L-B+C, - NMCR
L-B-T,-C,, p-(I+a)=DWT,+C,-L'*-(B+D)+C,-L-B
+C,,-(0.0025-A**- V%)
L-B-T,-Cy,-p-(1+a)=DWT,+C,-L'*-(B+D)+C,-L-B
+C, (0.0025-(L-B-T,-C, - p-(1+a)) V)

m

279.4-45.6-11.4-C, , -1.025-(1+0.002) = 80,000+ 0.0410-279.4 " .(45.6 + 27.3) + 0.5371-279.4-45.6
+0.089-(0.0025-(279.4-45.6-11.4-C,, -1.025-(1+0.002))-19.5%)
149,175-C, , = 80,000+ 24,554+ 6,843
2/3 3
+0.089-(0.0025-(149,175-C, ) -19.5)

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 21

Step 2: Weight Equation Step 1: Step 2: Step 3:
- Method 4 for the Lightweight Estimation Volume  —> Weight ~ —> Freeboard
in Components (5/5) 1 Eq ; Calculation

Given: L =279.4[m], B = 45.6[m], D = 27.3[m|, T, = 11.4[m],
DWT,=80,000[ton], V=19.5[knots]
Find: Cp,

Method 4: LWT =W +W +W,

149,175-C,, = 80,000 + 24,554 + 6,843 +0.089-(0.0025-(149,175-C,,, ) -19.5")
149,175-C,, =80,000 + 24,554 + 6,843 + 4,634-C,, ,*°

149,175-C,, =111,397 +4,634-C, ,*°

+.Cyy=0.773

dlab -
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Determination of the Principal Dimensions of 160,000 m3 LNG Carrier

- Step 3: Freeboard Calculation (1/2) Step 1: % Step 2 Step 3:
Volume Weight Freeboard
i Equation Calculation

Step 3: Then, it should be checked lastly whether the
depth and draft satisfy the freeboard regulation.

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

v Given: L=279.4[m], B=45.6[m], D (=D,,,)=27.3[m],
T,=12.1{m], Cy ~0.773, t,,..,/=0.02[m]

tringer

v" Check: The freeboard of the ship should be larger
than the required freeboard.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 213

Determination of the Principal Dimensions (stpt: )@ ste2 N step3 — ar

. Volume Weigl.\t > Freeboa.rd
- Step 3: Freeboard Calculation (2/2) i Equation | Calculation
. D,,>T, +Fb(L,B,D,,,C,,)
At the early design stage, there are few data Given: L =279.4[m], B = 45.6[m], D(=D,y,)) = 21.3[ml,

.
available for estimation of required freeboard. =T, Gy =R 5 =

Thus, the required freeboard can be estimated
from the basis ship.

Assume that the freeboard is proportional to the depth.
Fb(LaB’Dm]daCB,d) = CFb D ld

m

Check: Freeboard of the ship should be larger than that
in accordance with the freeboard r i

D, 2T +C,,-D

mld

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

e, =Lbl 888 5
D’"/d Basis 6

Check: Freeboard of the design ship
Dy, 2T, +Cp, - D,

m

D .+t 2T +C, D,

mld stringer m
27.340.02>12.1+0.257 -27.3
27.32>19.11 : Satisfied

It is satisfied. However, this method is used for a rough estimation. So, after the main
dimensions are determined more accurately, freeboard needs to be calculated more

accurately through the freeboard regulation. 214
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[Appendix] (5) Determination of
Principal Dimensions and Block
Coefficient of a 4,100 TEU Container

Carrier based on a 3,700 TEU

Container Carrier (Volume Carrier)

opics in Ship Design

Fall 2014, Myvung:Il Roh
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Example of the Principal Particulars of a Basis Ship of 3,700 TEU Container Carrier and
Owner's Requirements of a 4,100 TEU Container Carrier

Design Ship: 4,100 TEU Container Carrier

Basis Ship Owner’s requirements
Principal Dimensions
LOA 257.4m less than 260.0 m
LBP 245.24 m
Bmld 32.2m less than 32.25 m
Dmld 19.3m
Td /Ts (design / scant) 10.1/12.5m abt. 11.0/12.6 m

Deadweight (design / scant)

34,400 / 50,200 ton

40,050 / 49,000 ~ 51,000 ton

Capacity

Container on Deck / in Hold

2,174 TEU / 1,565 TEU

abt. 4,100 TEU

Ballast Water
Heavy Fuel Oil

13,800 m?
6,200 m?

abt. 11,500 m3

Main Engine & Speed

M/E Type

MCR (BHP x rpm)

NCR (BHP x rpm)

Service Speed at NCR (Td, 15% SM)

Sulzer 7RTA84C
38,570 BHP x 102 RPM
34,710 BHP x 8.5 RPM

22.5 knots (at 11.5 m) at

24.5 knots (at 11.0 m)

30,185 BHP
DFOC at NCR 103.2 ton
Cruising Range 20,000 N/M abt. 20,000 N/M
Complement (Crew) 30 Person 30 Person

* TEU: Twenty-foot Equivalent Units

Basis Ship

« Dimensional Ratios
L/B=17.62
B/T,=3.19

B/D=1.67
L/D=12.71
e Hull Form Coefficient

C, ,=0.62
o Lightweight (=16,000 ton)
- Structural weight
~ 11,000 ton (=68%)
- Outfit weight
~ 3,200 ton (= 20%)
- Machinery weight
~ 1,800 ton (= 12%)

Cargo density :7Deadwelghlmm.
Cargo hold capacity
_ Deadweight
-
50,200
©46.9-3,739

=0.29 [1on/m']< 0.77
< 1

Volume Carrier | ..

2014-09-17
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4,100 TEU Container Carrier Design
based on the 3,700 TEU Container Carrier (1/4)

N,: Number of bays
N;: Number of rows
Np: Number of tiers

Example 2: 160,000 m3 LNG Carrier Design
based on 138,000 m3 LNG Carrier

Example 3: 4,100TEU Container Carrier Design
based on 3,700TEU Container Carrier

VCH :f(LaBaD)

v Given: ¥, =160,000[m’]
v Find: L, B, D

VCH :f(LaBoD)

v Given: N, = 4,100 TEU
v Find: L, B, D

Containers are arranged in bays in lengthwise, rows in beam wise, tiers in depth wise.
It means that the principal dimensions are determined discontinuously.

2.591m

6.096m T

Example) 20’ ISO Container size

Therefore, length, breadth, and depth of
container carrier vary stepwise according to
the number and size of containers in cargo
hold.

L=f(N) B=f(Ny)

L= Lyt Lopy + Ly + Lypy = (L(Iam e
B= B, + B = (B + By

D=f(Ny)

N,
ot 2Lgiainer + Letear pota ) 7" Loy + Lig + Ly

+) N = Bucarance + 2 Bos + Butwrance.ns)

D:DII+D[H37DIIC:(Dnumru o "VD+D[)HiDH('

) Ne = SN Ny Np)

opics in Ship Design Fall 2014, Myung:Il Roh
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4,100 TEU Container Carrier Design
based on the 3,700 TEU Container Carrier (2/4)

* Size of Container (LxBxD)
20’ ISO Container: 6.096mx2.438 mx2.591 m
40’ ISO Container: 12.192mx2.438 mx2.591 m

Length, breadth and depth of container
carrier vary stepwise according to the

number and size of containers.

1) Length

’L =Ly + L+ L +LFPT‘

Ny

LH = (L(-[eur,t‘”l’ +21L, 2

container T L( lear hold ) :

L= (Lo +2L,
Example)
Lejearcon =0-564m), Ly g =1.60m],
Lpr =11.2[m], Ly, =30.4[m],
Lpy =12.92[m], Lo rainer = 6.096[m]

—L=7.14-N, +54.52

N,
container T Lc[yur,lwld ) : ) + LAPT + LER + LFPT

L, Length of cargo hold

L,pr Length between aft perpendicular to aft bulkhead
Ly Length of engine room

Lypr: Length k forward perpendicular to

N;: Number of bays

Clearance between cargo holds
Length of 20" container

| A

e T L

3 Ir x'l-=-1; &E{w:-ﬂ”ﬁn—vvh

N0 .2 CONTATMNER HOLD

NO.3 CONTATMNER HOLD

a1 | 200,00 »

opics in Ship Design

Fall 2014, Myung:Il Roh
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4,100 TEU Container Carrier Design
based on the 3,700 TEU Container Carrier (3/4)

* Size of Container (LxBxD)
20’ 1SO Container: 6.096mx2.438 mx2.591 m
40’ ISO Container: 12.192mx2.438 mx2.591 m

Length, breadth and depth of container
carrier vary stepwise according to the
number and size of containers.

2) Breadth

Breadth of cargo hold

¢ Breadth of double side wing tank = 2.08m
Number of rows

learance between containers

s Clearance between container and
double side wing tank

: Breadth of 20" container

‘B = BH + 2 : (BD.S + Bcleal‘ance,D.S )‘ ] e
] |
B, = (BL'Ieamm‘e * B ontainer ) "Ny =B, peurance T ‘
1 851 ‘
r >l !
B= (B(‘leamnce + B(‘(mtuiner ) : NB - BL'learam‘ﬁ +2- (BD.S + BL'leuram'e,D_S) I : - ‘
............................................................................. =il ‘
1864m |
Example) ! ‘
Bos] B, |
By =0.0851m], B, = 2438m] |
B

B, =2.08m], Brreens = 0.1860m] — }

]

— B=2.523-N, +4.447 1

opics in Ship Design Fall 2014, Myung:Il Roh

4,100 TEU Container Carrier Design
based on the 3,700 TEU Container Carrier (4/4)

* Size of Container (LxBxD)
20" ISO Container: 6.096mx2.438 mx2.591 m
40" ISO Container: 12.192mx2.438 mx2.591 m

Length, breadth and depth of container
carrier vary stepwise according to the
number and size of containers.

3) Depth

Dy;: Depth of cargo hold

Dy, 5 Depth of double bottom

Dy, Hatch coaming height

Np: Number of tiers (in hold)
Clearance between containers

L Depth of 20’ container
L Hafch cover 1
\D=D,+D,,-D,| . 3. Dne
. . 1 ) |
D, = (D(‘Ieamnce L L— ) N, o \l,
L] 13mm
D = ( clearance + D('mltainer ) : ND + DD.B - DH.C : :
L A 1591 m1mr Dy
............................................................................. T D
Example) L] |
Dearance = 0-0130m1, Dypiner = 2-591m] P
‘ \
D,,=1.7[m], D, . =0.628[m] ,
Cr £ Dr“r T £ Eﬂ

—D=2.604-N,+1.072

opics in Ship Design Eall 2014, Myung:ll Roh
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Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (1/11) Step 1: % Step 2: Step 3:

Volume Weight z Freeboard

Caleul

Step 1: The length, breadth, and depth of container
carrier are determined to a great extent by the
arrangement of containers in cargo hold.

NC_req =f(N,, Ny, Np)

v Given: The number of containers to be required =4,100 [TEU]

v Find: N, N, N,

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 22

Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (2/11)

1. The number of additional containers to satisfy owner’s requirement
(4,100 TEU)

Basis ship (3,700 TEU Container Carrier)

In Hold: 1,565 TEU
On Deck: 2,174 TEU
Total: 3,739 TEU

®» The number of additional containers to be required: 361 TEU
(= 4,100 - 3,739 TEV)

S ' dlal -
nnnnnn Ship Design Eall 2014, Myung-ll Roh
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Determination of the Principal Dimensions of 4, St t: Step 2 p | Step 3:
. olume Weight —> Freeboard
- Step 1: Volume Equat|°n (3/1 1) Equlation Equation Calculation
Given: Number of Container = 4,100 [TEU]
Find: N, N, N,
2' Increase Of the number Of rows Number‘LofBzaddl;tional containers to be required: 361 7TEU
B =2.523-N,+4.447
1) Available breadth of the design ship Main dimensions for ships
in Panama Canal
. - Linax 289.5 m
Basis Ship Owner’s requirements
B 323m
Bmld 322m Less than 32.25 m T 12.04 m
Bavailable = Blimit - Bbasis
- : : B,iatane - Available breadth of design ship
Breadth limited by owner’s requirement
= 0.0s[m] B, - Breadth of basis ship

Because 2.523 m is needed to increase 1 row in hold, it is not
possible to increase the breadth.

—>|N, =N,

= 1 1 [Rows ]

,basis

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 229

Determination of the Principal Dimensions of 4, St t: Step2: | | Step 3:
. olume Weight —> Freeboard
- Step 1: Volume Equaﬂon (4/1 1) Equlation Equation Calculation
Given: Number of Container =4,100 [TEU]
Find: N, N, N,
3' Increase Of the number Of bays Numbelf‘ofﬂaddritional containers to be required: 361 TEU
1) Available length of the design ship L=7.14-N, +54.52
Basis Ship Owner’s Requirements Main dii':e;::;':?:;z;:::ps
LOA 257.4m less than 260.0 m Lmax 289.5 m
LBP 245.24m Bra 323m
T 12.04m
Lo.avaitavie = Loaimic = Lo pasis

.2 Available LOA of design ship
on limited by owner’s requirement

=260-257.4 Lotims’
=2.6(m]
Because 7.14 m is needed to increase 1 bay in hold, it is not possible
to increase the length.
However, because there is no requirement of cranes in the design
ship, we can increase 1 bay in hold by utilizing the space of two
occupied cranes. Crane Crane Available

e
-

e

:g IZIE ll;n.‘ 25%92
Basis ship (3,700 TEU Container Carrier)

Eall 2014, Myung-Il Roh '!‘hb 224
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Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (5/11)

2) Available length of the design ship by
utilizing the space of cranes. L=714-N, +54.52\

L Crane Crane  Available

LT

L

e

L

‘crane ( 'space of crane

L,

ashing bridge) ’

NS

pace of crane i

- " ™ ~ =

= (3 4 - 1 -6) ° 3 L, Available length of design ship by .

utilizing the space of crane
— 5 4 [m] i;, ,“W: Crane and available space
between cargo holds)

1- Space of lashing bridge (Clearance

Nypace of crane® Number of crane and available space
3) Total available length of design ship in lengthwise
= LOA,available + Lcmne
=2.6+5.4

=8[m]>7.14[m]— It is possible to increase 1 bay in hold.
>N, = N, psis T1=26+1
=27 [Bays]

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 283

Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (6/11)

4) Number of additional containers by increasing 1 bay.

Basis ship (3,700 TEU Container Carrier)

M =L

g . CEVI ) - Y —— ]
9 EEEE =1 C1EL L

] =
=g
[

=EE —

Basis ship + 1 bay

— Number of additional containers: 153 TEU
— Number of total containers: 3,892 TEU
— Number of additional containers to be required: 208 TEU

dlab -
opics in Ship Design ion. Fall 2014, Myung-1l Roh ‘!_____‘

2014-09-17

113



Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (7/11)

In general, the container carriers load two 40 ft containers in a hold.
So, the containers of the design ship are arranged as follows:

Basis ship + 1 bay

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 227

Determination of the Principal Dimensions of 4, St 1: U A
- Step 1: Volume Equation (8/1 1) Equlation Equation Calculation
. Given: Number of Container =4,100 [TEU]
4. Increase of the number of tiers Find: Ny Np Ny
- There are two methods for increasing the tiers. ber of additional o sitolbelrequired 1361 JEY)

|Method 1) Increase of the tiers on deck|

E ND = ND,ba.v[s
g =7 [Tiers]

Basis ship ,892 TEU) In hold
- —

ulu] [wlafufs [o] o]
T 1]y

I
I
I
n| [ol
[

Basis ship + 1 bay + 1 tier on deck (4,285 TEU)
— Number of additional containers: 393 TEU
— Number of total containers: 4,285 TEU
— Number of containers to be exceeded: 185 TEU

dlab -
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Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (9/11)

|Method 2) Increase of the tiers in hold\

ND :ND,baxis +1
=7+1

Basis ship + 1 bay (3,892 TEU) =8 [Tiers]
—

- | In hold

Basis ship + 1 bay + 1 tier in hold (4,161 TEU)
— Number of additional containers: 269 TEU

— Number of total containers: 4,161 TEU
— Number of containers to be exceeded: 61 TEU

'!‘Eb 229
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Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (10/11)

Comparison between two methods:

Method 1) Increase of the tiers on deck

Method 2) Increase of the tiers in hold

:
N, D= 8 [Tiers]

The center of mass of the containers in the methods 1 and 2 are almost same.
However, the center of lightweight in the method 2 is higher than that in the
method 1. So, the center of total mass in the method 2 is higher than that in

methOd 1 . —> KG < KGmelhod ) KG: Distance from keel to vertical center of

method1 " mass of container carrier

- GM: Distance from vertical center of mass of

. — metacenter
GZ =GM sin ¢ B - GZ: Righting Arm
’GZmethudl > GZmL'th()d 2

‘ Therefore, for giving the ship better stability, method 1 is selected. ‘

L
GM =KB+BM - KG ( % container carrier to metacenter
GMmethodl > GMmethod 2 KB: Di_stance from keel to center of buoyancy
| BM: Distance from center of buoyancy to

opics in Ship Design i Eall 2014, Myung:ll Roh
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Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 1: Volume Equation (11/11)

5. Principal dimensions (L, B, D) determined by the arrangement of
containers in cargo hold (N, Ny, Ny):

NL =27 [Bays] NB =11 [Rows] ND =7 [Tiers]

L=7.14-N,+54.52 | B=2.523-N, +4.447 { D=2.604-N, +1.072

=7.14-27+54.52 | =2.523-1144.447 | =2.604.7+1.072
= 247.76[m] P =322[m] P =19.3[m]
~.L=247.76[m],  B=322[m], D =19.3[m]

pics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 231

Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 2: Weight Equation Step 1: % Step 2: Step 3:

Volume Weight = Freeboard
N . Calculati

Step 2: Then, block coefficient (C; ) is determined by
the weight equation.

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

p. density of sea water = 1.025 ton/m3

a: a fraction of the shell appendage allowance
= 0.0029

_ Displacement ‘ _49,848.7
Moulded Displaced Volume‘mm 49,652.7

{1+a :1.0039]

v Given: L =247.76[m), B=32.2[m], D =19.3[m], T,=11.0[m],
DWT,=40,050[ton], V, = 24.5[knots]

v Find: Cy,

*Subscript d: at design draft
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Step 2: Weight Estimation

. ; . . Step 1: Step 2: Step 3:
Method 4 for the Lightweight Estimation Volume  —> Weight > Freeboard
. Equation Equation Calculation
in Components (1/5) I

p-L-B-T,-Cy,-(I1+a)=DWT,+LWT
Given: L =247.76[m], B =32.2{m], D =19.3[m], 7, = 11.0[m],
DIWT, = 40,050[10n], V" = 24.5[knots]
Find: C;,

Method 4: Estimate the structural weight (/7,), outfit weight (J7,), and
machinery weight (/7,) in components.

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

Structural weight (W) is estimated as follows:
W =C, L (B+D)

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

co_ W | _ 11,000 -
[ (B+D) 245.24'6.(32.2+19.3)

032

Basis

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 293

Step 2: Weight Estimation Step 1: Step 2 Step 3
Method 4 for the Lightweight Estimation Volume  —> Weight > Freeboard
. ] Equation Calculation
in Components (2/5) I

p-L-B-T,-Cy,-(I+a)=DWT,+LWT
Given: L =247.76[m|, B = 32.2[m], D =19.3[m], T, = 11.0[m],

Outfit weight (W) is estimated as follows: g c,, @ !t
Method 4: LWT =W +W +W,
W =C,-L-B

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

c =] __3200 405
L-Bly,, 245.24:322 Main engine of basis ship
. . . . : Sulzer 7RTA84C
Machinery weight (W,,) is estimated as follows: s rusbios s
W =C,-NMCR ' =T =

w | bw

The coefficient C,, can be obtained from the basis ship.
/4 1 ;
= | _ L1800 _ 0.047 L

" NMCR|,, 38,570 NMCR =38,570[ PS]
At the early design stage, NV/CR can be estimated by ‘Admiralty formula’.
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Step 2: Weight Estimation Step 1: Step 2 Step 3
Method 4 for the Lightweight Estimation Volume  —> Weight > Freeboard
. Equation Equation Calculation
in Components (3/5) I
p-L-B-T,-Cy,-(I+a)=DWT, + LWT
1 1 Given: L = 247.76[m], B =32.2[m], D; 19.3[m], T, = 11.0[m],
NMCR — . . NCR it CDWﬂ,z40,050|mn], ¥ =24.5[knots)
Engine Margin Derating ratio =2
g g & Method 4: LWT =W _+W, +W,

u(Engine Margin = 0.9, Derating ratio = 0.9)

NMCR =1265- NCR

By applying the ‘Admiralty formula’ to the NCR, the NMCR also can be
estimated.
A2/3 . V3
NCR=—"-
ad
lThe coefficient C,, can be obtained from the basis ship.
AR 5040002317 e o (V. s s iy =231 o))
NCR |, 34,710 “
A3 .3
NCR=——"-
488.96
A\
2/3 3
NMCR=1265-2_7-
488.96

=0.0025-A*".7°
" q‘gb 235

Fall 2014, Myvung:Il Roh

opics in Ship Design

Step 2: Weight Estimation Step 1: Step 2 Step 3
Method 4 for the Lightweight Estimation Volume  —> Weight > Freeboard
. Equation Calculation
in Components (4/5)
p-L-B-T,-Cy,-(I+a)=DWI, +LWT
_ AL = Given: L =247.76[m|, B = 32.2[m], D =19.3[m], T, = 11.0[m],
W,=C,-L"-(B+D) €, =003z " DWZ,=40,Z‘50|:‘0M],V=;4.5[kn{1Av]
W,=C,-L-B C,=0.405 Find: Cy,
Method 4: LWT =W +W +W,

W,=C, -NMCR C, =0.047
NMCR =0.0025-A".7}

L-B-T,-Cy,-p-(+a)= DWT, +W,+W,+W,

L-B-T,-Cy, p-(1+a)=DWI,+C,-L"*-(B+D)+C,-L-B+C, - NMCR

L-B-T,-Cy,-p-(+a)=DWT,+C,-L**-(B+D)+C,-L-B
+C,-(0.0025-A%* V)

m

L-B-T;-Cy,-p-(1+a)=DWI,+C,-L'*-(B+D)+C,-L-B
+C, (0.0025-(L-B-T,-Cy, - p-(4 ) V)

247.76:32.211.0-C, , -1.025- (1+0.0039) = 40,050+ 0.032 -247.76 ** - (32.2+19.3) + 0.405- 247.76-32.2
+0.047-(0.0025-(247.76-32.2-11.0-C,,, -1.025-(1+0.0039))” - 24.5°)

90,306-C, , =40,050+11,181+3,233
+0.047-(0.0025-(90,306-C,, ) -24.5")

ndlab
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Step 2: Weight Estimation Step 1: Step 2 Step 3
Method 4 for the Lightweight Estimation Volume  —> Weight > Freeboard
Equation Equation Calculation

in Components (5/5)

p-L-B-T;-Cy,-(1+a)=DWT, + LWT
Given: L =247.76[m], B = 32.2[m], D = 19.3[m], T, = 11.0[m],
DWT, = 40,050]0n], V= 24.5[knots]
Find: Gy,

Method 4: LWT =W _+W, +W,
90,306-C,,, =40,050+11,181+3,233+0.047-(0.0025-(90,306-C,, )" - 24.5")

90,306-C,, =40,050+11,181+3,233+3,488-C, ,*°
90,306-C,, =54,464+3,488-C, ,*°

. Cyy=0.632

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 297

Determination of the Principal Dimensions of 4,100 TEU Container Carrier
- Step 3: Freeboard Calculation (1/2) Step 1: % Step 2: Step 3:

Volume Weight = Freeboard
N N Calculati

Step 3: Then, it should be checked lastly whether the
depth and draft satisfy the freeboard regulation.

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

(DFb =D, +t

stringer )

v Given: L =247.76[m], B =32.2[m], D(=D,,,;) = 19.3 [m],
T,=11.0[m], C,=0.632, 1,,,,... = 0.05[m]

stringer

v" Check: The freeboard of the ship should be larger
than the required freeboard.

dlab s
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Definition of Freeboard Deck

Freeboard Deck (D)":

(a) The freeboard deck is normally the uppermost complete deck
exposed to weather and sea, which has permanent means of
closing all openings in the weather part thereof, and below which
all openings in the sides of the ship are fitted with permanent
means of watertight closing.

(b) Where a recess in the freeboard deck extends to the sides of the
ship and is in excess of one meter in length, the lowest line of
the exposed deck and the continuation of that line parallel to the
upper part of the deck is taken as the freeboard deck.

over

-|-> l‘ﬂmT' Ling parallel fo freeboard deck
L
— e e
‘[Moulded depth (D)
1) International Convention on Load Lines 1966, ANNEX1 Chapter 1, Reg.3-(9), 2003
m:ict in s:.in Design ) ion, Fall 2014, Myung:| 1l Roh " ° m

Definition of Freeboard Length

Freeboard Length (L)?:

(a) The length shall be taken as 96% of the total length on a
waterline at 85% of the least moulded depth measured from the
top of the keel (L,), or as the length from the fore side of the
stem to the axis of the rudder stock on that waterline (L,), if that
be greater. -

(b) For ships without a rudder stock, the length (L) is to be taken as
96% of the waterline at 85% of the least molded depth.

P P
10050 1761 10050 1761
ke e ke e
o L upren peck e oo Lo ypeen ook 7
it e 17t
i §Ir|jf‘— 4": g
— ] o ] o
N 0.850,4 Lbp=174m >? N 0.850,4 Lbp=174m >?
AP F.P AP F.P
L, =max(L,L,)
2) International Convention on Load Lines 1966, ANNEX1 Chapter 1, Reg.3-(1), 2003
opics in Ship Design ion, Fall 2014, Myung: 1l Roh m

2014-09-17

120



Determination of Freeboard Deck

The freeboard deck of the container carrier:
- Because there is a recess in the upper deck of the container carrier,

the upper deck is discontinuous.

R .
ecess in Upper Deck

Freeboard Deck

U L oo

Volume of Soulded displacement at 85% Omld —— 70165.4 o
A Super inposed F'OLE DK
Raised 0.0 {L LERGTH OF 22528 m o
B (/3 .t 20 Iz
& : Upper Deck
i 065 mia (LWL | Freeboard Deck
AT I ww— Scantling Draft
L Ax7b )
8L 8L
E LENGTH BETUEEN AR_(IBP) = 245240 m |
5.015 leeceposen oo o 2452730 >
1~ TOTAL LENGTH WL AT 0850 (W) = 250204 m )
' F.P (Freeboard)

‘ Therefore, the freeboard deck of the container carrier is the second deck. ‘

'!‘Eb 241

opics in Ship Design Fall 2014, Myvung:Il Roh

Determination of the Principal Dimensions of 4, Str Step 2: S £
. olume Weight > Freeboard
- Step 3: Freeboard Calculation (2/2) juati Equation e
Dy, 2T, +Fb(LsB’Dm/wCB,u)

At the early design stage, there are few data Given: L =247.76{m], B = 32.2{m], D(=D,,)) = 19.3 [ml,
7, =11.0[m], Cy = 0.632, 1,,,,,,, = 0.013[m]

available for estimation of required freeboard.
. 0 Check: Freeboard of the ship should be larger than
Thus, the requ"ed freeboard can be estimated that in accordance with the freeboard regulation.

from the basis ship.
Assume that the freeboard is proportional to the depth.

Fb(LaB’DmldaCB,d) = C1Fb .Dmld
DFb 2 Ts + CFb 'Dmld

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

Cp = I =—31';031=0.161

mld | Basis

Check: Freeboard of the design ship
DFb 2 Ts + CFb 'Dmld
seconddeck T 7 stringer 2 T\ + CFb 'Dm1d
15.588+0.013>12.6+0.161-19.3
15.601 ¥ 15.707 : Not satisfied
It is not satisfied. However, this method is used for a rough estimation. So, after the main

s : Depth of the second deck
inger Thickness of second deck

D

dimensions are determined more accurately, freeboard needs to be calculated more
accurately through the freeboard requlation. 242

2014-09-17

121



Mathematical Formulation and Its
Solution

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 2

Mathematical Model for Determination of Optimal Principal Dimensions of a Ship
- Summary (“Conceptual Ship Design Equation”)

L, B, D, CB | Given (Owner's requirements) |DWT, CCreq’ Tmax (: T), V
i i i ship

length breadth depth block q cargo
coefficient hold capacity draft speed

| Physical constraint |

— Displacement - Weight equilibrium (Weight equation) - Equality constraint
L-B-T-Cy-p,,-C,=DWT,  +LWT(L,B,D,Cy)

given

=DWT,, +C,-L°(B+D)+C,-L-B

given

+C,,(L-B-T-C,)""?-V? -.(2.3)

power

. . . K - DFOC (Daily Fuel Oil Consumption)
Economical constraints (owner's requirements) : It is related with the resistance and propulsion

— Required cargo hold capacity (Volume equation) - Equality constraint - Delivery date

Ccreq = CCH .L-B-D--. (3 1) : It.is related with th.e shipbuilding process.
Min.Roll Period :e.g.,

T, 212 sec....... (6)

| Regulatory constraint |

— Freeboard regulation (ICLL 1966) - inequality constraint
D>T+C,,-D---(4) Stability regulation (MARPOL, SOLAS, ICLL)

GM 2 GMchuired “- (5)

Required
Building Cost =Cpg-C,-L'*(B+D)+C,,-C,-L-B+C,, -C, . -(L-B-T-Cy)"*-V*
4 variables (L, B, D, Cg), 2 equality constraints ((2.3), (3.1)), 3 inequality constraints ((4), (5), (6))

| Objective function (Criteria to determine the proper principal dimensions) | GZ > GZ

®» Optimization problem 244
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Determination of the Optimal Principal Dimensions of a Ship
by Using the Lagrange Multiplier (1/5)

= Given: DWT, CC

req D, Ts’ Td
= Find: L, B, Cy
® Hydrostatic equilibrium (Weight equation)
L-B-T,-Cy-p,,-C,=DWT,  +LWI(L,B,D,C,)

given

=DWT,

given

+iC,-L'*(B+D)+C,-L-B+C

power

'(L'B'Td 'CB)“'VB\E (a)
simplify @ simplify @
—>C'-I*°-(B+D) -C, . (2B T, +2-L-T,+L-B)-V*

power

(L-B-T,-C;)™"is (Volume)?? and means the submerged area of the ship.
So, we assume that the submerged area of the ship is equal to
the submerged area of the rectangular box.

® Required cargo hold capacity (Volume equation)
CC,,=Cq-L-B-D ..(b)

® Recommended range of obesity coefficient = f
considering maneuverability of a ship D -
S <015 () I ] ]
(L/B) B

® Indeterminate Equation: 3 variables (L, B, C;), 2 equality constraints ((a), (b))
|:> It can be formulated as an optimization problem to minimize an objective function.

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 2

Determination of the Optimal Principal Dimensions of a Ship
bx Using the Lagrange Multiplier (2/5)

» Given: DWT, V. D, T, T,

= Find: L, B, Cy
* Minimize: Building Cost

f(L,B,C)=C,-C - I’ (B+D)+C,,-C,-L-B+C,,, -C

power

"(2-B-T,+2-L-T,+L-B)-V’
= Subject to (d)

® Hydrostatic equilibrium (Simplified weight equation)
L-B-T.-Cy-p,,-C, =DWT,, . +LWT(L,B,D,Cy)

given

=DWT,

v +C - C(B+D)+C,-L-B+C,,, (2-B-T,+2-L-T,+L-B)-V*

...(a')

power

CC,,=Cq-L-B-D ..(b)

CB
(L/B

<015 ..(c)

~

dlal s
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Determination of the Optimal Principal Dimensions of a Ship
by Using the Lagrange Multiplier (3/5)

= By introducing the Lagrange multipliers 4, 4,, u, formulate the Lagrange function H.

H(L,B,Cy, &y, Ap,u,8) = f(L,B,Cy)+ A b (L,B,Cy)+ 2, -hy(L,B,D)+u-g(L,B,Cy,s) ...(€)

f(L,B,Cy)=Cps-C/-I’(B+D)+C,,-C,-L-B+C,,, -C,, " -{2-(B+L)-T,+L-B}-V’
h(L,B,Cy)=L-B-T,-C,-p,,-C,-DWT, —C/'-I’-(B+D)-C,-L-B-C,, . - {2-(B+L)-T,+L-B}-V’

h(L,B,D)=C,,-L-B-D-CC,,

g(L,B,Cy.5)= € _015+5

(L/B)

L—x,B—>x,,Cy —>x,

N
H(xl,xz,x3,/11,lz,u,s)
=Chpy -Cs' 'x12(x2 +D)+CpyC, X - x, + Cpy, .Cpowm‘, -{2-()62 Jrxl)'Td +x 'xz}'V3
4, [x %, T xy- pg, - C 7DW7—:QA\'(‘/1 -C, 'x12 (x5, +D)-C, x,-x, 7Cpau>er' -{2-()(2 +x1)'771 +x 'xz}'VS]

a

+ﬂ'z '(C(:H T Xy Xy -D—CC,_L,,])
wu-{x /(% /x,)=015+5} ()

'!‘Eb 247

opics in Ship Design i Fall 2014, Myvung:Il Roh

Determination of the Optimal Principal Dimensions of a Ship

bx Using the Lagrange Multiplier (4/5) Lt Br €

H(xlaxzaxx,i\aﬂqa“,s)=CPS‘C\-"XIE(XZ +D)+CPO'C4>'XI X, +Cpy 'C,mww-,‘{z'(xz+x1)'7li+x1 'Xz}'Vz

+ 4, (%%, T - xy p,, - C, _DWQ,M -C, ‘XIZ (x,+D)-C, x-x, _C/)aww‘, '{2‘(xz +x1)‘7:1 X ‘x:}‘VS]
+4, »(C(,_, - X, -x2<D—CCw> +u»{x1/(x, /xz)—0A15+s2} ()

* To determine the stationary point (x,,x,,x,) of the Lagrange function H (equation (7)),
use the Kuhn-Tucker necessary condition:VH(xl,xz,xs,A,/Lz,u,s) =0.

ZEZZCFS.CJ,-XI.(x2+D)+C[’O.CU-x2+CPM.vavt*er’.(z.yjl+x2).V3
X
+11'(xz'Ts'xfpsw'ca_[z'cs'xl'(x2+D)+Co'xz+C,mwer,'(2'Td+xz)'V3])
+Z.2-(C(,H-xz-D)+u-(fx3-x2/x]2):0 (1)
OH s ' 3
g:CPS.Cs X +CP0'Cu'x|+CPM'szm-pr (2T +x)V
2
+2'1'[xl'TJ'xz'pm-'ca_Cs"xlz_co'xl_Cpawe;-'(z'Td+x1)'V3]
+4(Coy %, D)+u-(x,/x5)=0 .2
opics in Ship Design ion, Fall 2014, Myung-Il Roh m
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Determination of the Optimal Principal Dimensions of a Ship
by Using the Lagrange Multiplier (5/5)

H(X,,XZ,XK,%J?,u,S):CPX 'C\-' 'xyz(xz +D)+CP() 'C» T XXy +CPM 'Cmm’ -{2-()(2 +x1)'T:/ +x 'xz}'V3

p
+ 4, [x %, T x;-p,,-C,—DWT,,,, —C, 'x|Z “(x,+D)-C,-x, 'XZ’C,;OW, '{2‘(xz+x1)'Td +X 'xz}'V}]
+4, »(CC” X, -x2<D—CCm/) +u»{x3/(x, /xz)—0.15+s2} ()

= Kuhn-Tucker necessary condition: VH (x,,x,,x,,4,4,,u,5)=0

a—H:/ﬁ.xl-xz-TA-pm_-Ca+u-(x7/xl):0 ..(3)

0ox, -

OoH 2
a:xl’xz’Ts'xz'psw’ca -DWT,,,—C.-x" - (x,+D)-C, x,-x,
2 7C/)ower’ : {2'(x2 +x|)'Td X%} V(4
H

a—%:C(4,H~x,~x2~D—CC,_‘,q:O ..(5)
O—H:xg-x7/x170.15+s2:0 ...(6)

ou T

OH

—=2-u-s=0, (u=20) ..(7

2 (uz0) ...(7)

VH(x}, X5 X3, A1 25 u, 5): Nonlinear simultaneous equation having the 7 variables ((1)~(7)) and 7 equations

» |t can be solved by using a numerical method!

L—x,B—>x,,C, =X

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 2

Example for the Determination of
Optimal Principal Dimensions of a
Bulk Carrier
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Determination of Optimal Principal Dimensions of a Bulk Carrier
- Problem Definition

M Criteria for determining optimal principal dimensions (Objective function)
B Minimization of shipbuilding cost or Minimization of hull structure weight or
Minimization of operation cost

M Given (Ship owner’s requirements)
B Deadweight (DWT)
B Cargo hold capacity (CC,.,)
B Maximum draft (T,,,,)
B Ship speed (V)

M Find (Design variables)
Length (L)

Breadth (B)

Depth (D)

Block Coefficient (Cg)

M Constraints
B Constraint about the displacement-weight equilibrium condition
B Constraint about the required cargo hold capacity
B Constraint about the required freeboard condition

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 25

Determination of Optimal Principal Dimensions of a Bulk Carrier
- Problem Formulation

Find (Design variables) L’ B, D’ CB | Given (Ship owner’s requirement) | DWT, CCreq , Tmax (: T), 14
Tength Breadth Depth Block coefficient Deadweight  Cargo hold Maximum  Speed
capacity draft

| Displacement-Weight equilibrium condition (Equality constraint) |

L-B-T-Cy-p,,-C,=DWT,,  +LWT(L,B,D,Cy)
=DWT,,,, +C, -L"(B+D)+C,-L-B+C,, - NMCR
=DWT,,,, +C,-L'"(B+D)+C,-L-B

+C,,(L-B-T-C,)"-V*

power

| Required cargo hold capacity condition (nequality constraint) |

CC,, <Cq-L-B-D

| Required freeboard condition (inequality constraint) |

D>T+C,,-D

| Criteria for determining optimal principal dimensions (objective function) |

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

® Optimization problem having 4 unknowns, 1 equality and 2 inequality constraints

dlab -
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Process for Determining Optimal Principal Dimensions of a
Bulk Carrier Using an Optimization Algorithm

Given: DWT, Cargo Capacity, T, V

l

Variation of principal dimensions
L, B, D, Cg

l

Estimation of light weight
Estimation of resistance and power
(Determination of a propeller)
Estimation of a freeboard
Estimation of a cargo hold capacity
Estimation of ship stability

l
Criteria for determining optimum
Minimization of shipbuilding cost or
hull structure weight or operation cost
l Optimum? Yes

Optimization algorithm
(MFDY); MS2), GA3), ...)

Optimum? No

Finish

1) MFD: Method of Feasible Directions, 2) MS: Multi-Start local optimization method, 3) GA: Genetic Algorithm
Eall 2014, Myung-Il Roh
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Determination of Optimal Principal Dimensions of a Bulk Carrier
- Given Information

| Principal particulars of a deadweight 150,000 ton bulk carrier (parent ship) and ship owner’s requirements

Item Parent Ship Design Ship Remark
Loa abt. 274.00 m max. 284.00 m
[ 264.00 m
Principal Brig 45.00 m 4500 m
Dimensions Dy 2320 m
T 16,90 m 17.20 m
Toant 16.90 m 17.20 m
Deadweight 150,960 ton 160,000 ton at 17.20 m
Speed 135 kts 135 kts (Wﬁﬂ ‘;"O“‘{LCS"‘M)
TYPE B&W 5570MC
’\//l NMCR 17,450 HP=88.0 RPM Derating Ratio = 0.9
E DMCR 15,450 HPx77.9 RPM EM =09
NCR 13,910 HPx75.2 RPM
F SFOC 126.0 g/HP.H
g TON/DAY 416 Based on NCR
Cruising Range 28,000 N/M 26,000 N/M
Single Hull Single Hull
Midship Section Double Bottom/Hopper Double Bottom/Hopper
/Top Side Wing Tank /Top Side Wing Tank
Cargo abt. 169,380 m3 abt. 179,000 m? Including Hatch Coaming
Capaity Fuel O?I abt. 3,960 m3 Total
Fuel Oil abt. 3,850 m3 Bunker Tank Only
Ballast abt. 48,360 m3 Including F.P and A.P Tanks 2
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Determination of Optimal Principal Dimensions of a Bulk Carrier

- Optimization Result

| Minimization of Shipbuilding Cost |

HYBRID# HYBRID#
i 1) 2) 3)
Unit MFD MS GA w/o Refine with Refine
G DWT ton 160,000
\'/ Cargo Capacity | m?3 179,000
E Too m 17.2
N v knots 135
L m 265.54 265.18 264.71 264.01 263.69
B m 45.00 45.00 45.00 45.00 45.00
D m 24.39 24.54 24.68 24.71 24.84
Cy - 0.8476 0.8469 0.8463 0.8427 0.8420
Dp m 8.3260 8.3928 8.4305 8.4075 8.3999
P m 5.8129 5.8221 5.7448 5.7491 5.7365
Ae/Aq - 0.3890 0.3724 0.3606 0.3618 0.3690
Building Cost $ 59,889,135 59,888,510 59,863,587 59,837,336 59,831,834
Iteration No - 10 483 96 63 67
CPU Time® sec 4.39 209.58 198.60 184.08 187.22
1) MFD: Method of Feasible Directions, 2) MS: Multi-Start local optimization method, 3) GA: Genetic Algorithm
4) HYBRID: Global-local hybrid optimization method, 5) HIAE A|AG: Pentium 3 866Mhz, 512MB RAM 255
Example for the Determination of
Optimal Principal Dimensions of a
Naval Ship
opics in Ship Design ion, Fall 2014, Myung-Il Roh m
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Determination of Optimal Principal Dimensions of
a Naval Ship

M Problem for determining optimal principal dimensions of

a 9,000ton missile destroyer (DDG)
B Objective

B Input (Given, Ship owner's requirements)
® A: Displacement
® V: Speed

B Output (Find)
® L: Length
® B: Moulded breadth
® D: Moulded depth
® T: Draft
® C;: Block coefficient

® Minimization of a power (BHP) or Fuel Consumption (FC) of a main engine

(f)

or
® Minimization of hull structure weight (f,)

QDiC;

in Ship Design

i Fall 2014, Myung:| 1l Roh

Process for Determining Optimal Principal Dimensions of
a Naval Ship Using an Optimization Algorithm

Given: V, Displacement

i

Variation of principal dimensions
L! By Dy T7 CB

i

Estimation of light weight
Estimation of variable load
Estimation of resistance and power
(Determination of a propeller)
Estimation of a freeboard

Optimization method

i

Criteria for determining optimum
Minimization of fuel consumption or
hull structure weight

Optimum? No

l Optimum? Yes

Finish

QDiC;

in Ship Design

i Fall 2014, Myung:| 1l Roh

ndlab

2014-09-17

129



Mathematical Formulation of a Problem for Determining
Optimal Principal Dimensions of a Naval Ship

Find

Minimize

Subject to

L,B,D,T, CB | Design Variables |
BHP[HP](OI’ FC[kg/h]) or | Objective Function |
Hull Structure Weight[ LT |

* Equilibrium condition of displacement and weight | Constraints |

L-B-T-Cy-p-(I+a)=A=LWT +VL
* Requirements for displacement(9,000ton class)
8,900 [LT ]< A < 9,100 [LT ]
* Requirements for speed-power
P/@m)=p-n*-D,” K,
RT/(I—t)zp-nz 'DP4 K
1.3+0.32)-T,

A4, 2 K 13+0320) T,
Dy -(p,+p-g-h=p,)

* Miscellaneous design requirements

I'<L<I' B'<B<B',D'<D<D",C, <C,<C,"

0.98(L/B) o <L/B<1.02(L/B)
» Optimization problem having 5 unknowns, 3 equality constraints,
and 7 inequality constraints 250
Optimization Result for
the Minimization of Fuel Consumption
CASE 1: Minimize fuel consumption (f,) !
Unit DDG-51 i) e o w'jz?{eRfliEe wli-::?igfli[;e
L m 142.04 157.68 157.64 157.60 157.79 157.89
B m 17.98 20.11 19.69 19.47 19.60 19.59
D m 12.80 12.57 12.67 12.79 12.79 12.74
T m 6.40 5.47 5.57 5.69 5.68 5.63
Cg 0.508 0.520 0.506 0.506 0.508 0.512
P; m 8.90 9.02 9.38 9.04 9.06 9.06
A/ Ay 0.80 0.80 0.65 0.80 0.80 0.80
n rpm 88.8 97.11 94.24 96.86 96.65 96.64
F.C (fy) kg/h 3,391.23 3,532.28 3,526.76 3,510.53 3,505.31 3,504.70
H.S.W LT 3,132 3955.93 3901.83 3910.41 3942.87 3,935.39
A LT 8,369 9,074 8,907 8,929 9,016 9,001
Iteration No 6 328 97 61 65
CPU Time sec 3.83 193.56 195.49 189.38 192.02
s S i L2014 oo nlab o
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Optimization Result for
the Minimization of Hull Structure Weight
CASE 2: Minimize hull structure weight (f,) ! e e
Unit DDG-51 MFD MS GA wlo Refine with Refine
L m 142.04 157.22 155.92 155.78 155.58 155.56
B m 17.98 20.09 20.09 20.12 20.10 20.09
D m 12.80 12.72 12.66 12.63 12.66 12.67
T m 6.40 5.64 5.63 5.61 5.65 5.66
Cs - 0.508 0.510 0.506 0.508 0.508 0.508
P; m 8.90 8.98 9.42 9.04 9.46 9.45
A/ A - 0.80 0.80 0.65 0.80 0.65 0.65
n rpm 88.8 97.40 94.06 97.29 93.93 93.98
F.C kg/h 3,391.23 3,713.23 3,622.40 3,618.71 3,603.89 3,602.60
H.S.W (f,) LT 3,132 3,910.29 3,855.48 3,850.56 3,844.43 3,844.24
A LT 8,369 9,097 9,014 9,008 9,004 9,003
Iteration No - 7 364 95 64 68
CPU Time sec 3.91 201.13 192.32 190.98 192.41
s i i 20 o QIlab - |
Optimization Result for the Minimization of
Fuel Consumption and Hull Structure Weight
CASE 3: Minimize fuel consumption (f,) & hull structure weight (f,) | oS
Unit DDG-51 MFD MS GA JYBRID | HYBRID
L m 142.04 157.37 157.02 156.74 156.54 156.51
B m 17.98 19.99 19.98 19.82 19.85 19.82
D m 12.80 12.70 12.69 12.73 12.82 12.84
T m 6.40 5.61 5.62 5.67 5.77 5.80
Cg - 0.508 0.510 0.506 0.506 0.508 0.508
P; m 8.90 9.02 9.51 9.33 9.50 9.05
Ag/Ao - 0.80 0.80 0.65 0.65 0.65 0.65
N rpm 88.8 97.11 93.49 94.53 93.52 93.51
F.C (fy) kg/h 3,391.23 3,589.21 3,583.56 3,556.15 3,551.98 3,551.42
H.S.W (f,) LT 3,132 3,931.49 3,896.54 3,891.45 3,880.74 3,880.18
wify + wofy - 3,261.62 3,760.35 3,740.05 | 3,723.80 | 3,716.36 | 3,715.80
A LT 8,369 9,074 9,048 9,004 9,001 9,001
Iteration No - - 7 351 93 65 68
CPU Time sec - 3.99 201.63 191.28 190.74 193.22
s S e ol 2014 e o noab o
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Summary of Optimization Results

CASE 1 CASE 2 CASE 3
Unit | DDG-51 Minimize f, Minimize f, Minimize
(fuel consumption) (hull structure weight) Wi +w,f,
L m 142.04 157.89 155.56 156.51
B m 17.98 19.59 20.09 19.82
D m 12.80 12.74 12.67 12.84
T m 6.40 5.63 5.66 5.80
Cs - 0.508 0.512 0.508 0.508
P; m 8.90 9.06 9.45 9.05
Ac/Ay - 0.80 0.80 0.65 0.65
n rpm 88.8 96.64 93.98 93.51
F.C kg/h | 3,391.23 3,504.70 3,602.60 3,551.42
H.S.W LT 3,132 3,935.39 3,844.24 3,880.18
Objective - - 3,504.70 3,844.24 3,715.80
A LT 8,369 9,001 9,003 9,001
Iteration No - - 65 68 68
CPU Time sec - 192.02 192.41 193.22

" Above results are performed by the hybrid optimization method (with Refine). ‘ b
opics in Ship Design i Fall 2014, Myvung:Il Roh 263

Review of Optimization Results

3,940 ’le = 1, w, = 0
so0 | M2 Pareto optimal set
= \ by weighting method
= 3000 |
£ w =w,=0.5
% ., / 1 2
% 3880 e,
=
S 3860 | \Wl < W,
T 3840 — —
o w,=0,w, =1
se20 | Minimize
' [ =w,f,(Fuel Consumption) +w, f, (Hull Structure Weight)
3,800
3,500 3,520 3540 3,560 3,580 3,600
Fuel Consumption ( ;)

* Weighting method: Method of solving multi-objective optimization problems after transforming into single-objective optimization problems using weight factors

dlal
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____
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8.4 Determination of Optimal Principal
Dimensions of Hatch Cover

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 265
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Hatch Cover of a Bulk Carrier as Optimization Target (1/2)

M Bulk carrier: Dry cargo ship of transporting grains, ores, coals, and
so on without cargo packaging

M Hatch: Opening for loading and off-loading the cargo

Bulk carrier

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 287

Hatch Cover of a Bulk Carrier as Optimization Target (2/2)

M Hatch cover

B Cover plate on the hatch for protecting the cargo

B Having a structure of stiffened plate which consists of a plate and
stiffeners

® In general, the cost of hatch cover equipment is accounting for 5~8%
of shipbuilding cost.

m In spite of the importance of the hatch cover in the B/C, it has hardly
been optimized. Thus, the hatch cover was selected as an optimization
target for the lightening of the ship weight in this study.

h—_.—-‘

dlab
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[Reference] Hatch Cover of a Container Ship

M Difference from Hatch Over of Bulk Carrier
B The cargo can be loaded on it.

oy

opics in Ship Design i Fall 2014, Myvung:Il Roh

Mathematical Formulation and Its
Solution
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Idealization of Hatch Cover of a Bulk Carrier

M The hatch cover has a structure of stiffened plate which consists
of a plate and stiffeners and looks like a corrugated plate.

M The hatch cover can be idealized for the effective optimization.
M Thus, the idealized model will be used as the optimization target.

Real model

opics in Ship Design i Fall 2014, Myung:Il Roh

Determination of Optimal Principal Dimensions of a Hatch Cover
- Problem Definition

M Criteria for determining optimal principal dimensions (Objective function)
B Minimization of the weight of hatch cover

M Given

B Length (L), width (W), height (H)
of hatch cover

® Total number of girders
and transverse web frames

® Load (py) on the hatch cover

B The largest span of girders (I,

B Materials of the hatch cover

M Find (Design variables)
B Plate thickness (tp), stiffener thickness (ts), stiffener size (b, a, d), and number
of stiffeners (N)

M Constraints
B Constraints about the maximum permissible stress and deflection
B Constraint about the minimum thickness of a top plate
B Constraints about the minimum section modulus and shear area of stiffeners
B Constrains about geometric limitations

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘hb 272
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Determination of Optimal Principal Dimensions of a Hatch Cover
- Problem Formulation (Summary)

tp N : Number of stiffeners

Stiffener section
Find tp,ts,b,a,d,N

Minimize Weight:[pp-L-W-tp+p3_-L-{(2a-(cosé’)’1+b+c)-N+c}~tx]10’3 [ton]

Subject to Requirement for maximum permissible stress by CSR(Common Structural Rules)

o, <0.8R,, [N/mm?*]

Requirement for maximum permissible deflection by CSR P . .

q<0 0056/ . Y » Optimization problem having
/ £0.0056- fi [m] 6 design variables (unknowns)
Requirements for minimum thickness of a top plate and 8 inequa"ty constraints
bin S, [mm]

Requirements for minimum section modulus and shear area of stiffeners

Mmin < Mﬂel [cm3] Amin < Aﬂet [sz]
Limitations on geometry
NQa+b)<W d<H 0°<H<90 273

Mathematical Formulation of an Optimization Problem
- Design Variables

M The shape of the hatch cover, that is, principal dimensions can be
represented with six parameters.

H Plate thickness (%), stiffener thickness (t,), stiffener size (b, a, d), and
number of stiffeners (N)

B These are design variables of the optimization problem.
m Cf. Dependent variables: ¢ &

tp N : Number of stiffeners
Idealized model Stiffener section
opics in Ship Design ion, Fall 2014, Myung:| 1l Roh. m
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Mathematical Formulation of an Optimization Problem
- Constraints (1/6)

M Maximum Permissible Stress of the Hatch Cover

0,<0.8R, [N/mm’]

where,
o,=No’+3c° [N/mm’] or o, :\/O'X2 -0,:0, +O'_5 +37% [N/ mm?*]

(o,: equivalent stress, z shear stress, o, and o,: normal stress in x- and y- direction)

O'=O'b+0'”

(o,: bending stress, o,: normal stress)

R, yield strength, given as: 235 [N/mm?] for mild steel,
315 [N/mm?] for AH32, 355 [N/mm?] for AH36

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 2

Mathematical Formulation of an Optimization Problem
- Constraints (2/6)

M Maximum Permissible Deflection of the Hatch Cover

£ <0.0056-1, [m]

where,

f: deflection [m] of the hatch cover

I The largest span [m] of girders in the hatch cover

dlab -
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Mathematical Formulation of an Optimization Problem
- Constraints (3/6)

M Minimum Thickness of a Top Plate of the Hatch Cover

boin S, [mm]
where,
t, =max(t,t,,t) t1:16.2~cp-c-\/g+tk [mm]
t,=10-c+t, [mm] t, =6.0+¢, [mm]

t,: corrosion additions (2.0 mm for hatch covers in general, See Table 17.1 in [1])
cy coefficient, defined as
ol
c,=1.5+2.5:| —-0.64 |>1.5 for p=py
ReH
¢: spacing [m] of stiffeners
p: design load [kN/m?]
py- load on the hatch cover [kN/m?] (See Table 17.2 in [1])

[1] Germanischer Lloyd, 2014. Rules for classification and construction, Rules I. Ship Technology, Part 1. Seagoing Ships,

Chapter 1. Hull Structures, Section 17. Cargo Hatchways, Germanischer Lloyd ‘ b
opics in Ship Design ion, Fall 2014, Myung:| 1l Roh m

Mathematical Formulation of an Optimization Problem
- Constraints (4/6)

M Minimum Section Modulus of Stiffeners of the Hatch Cover

M_ <M  [cm’]

min net

where,

M, : net section modulus [cm?3]

net*

M, minimum section modulus, defined as

104
Mm't :_.C’lz .p [Cm3]
ReH
opics in Ship Design ion, Fall 2014, Myung:| 1l Roh m
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Mathematical Formulation of an Optimization Problem
- Constraints (5/6)

M Minimum Shear Area of Stiffeners of the Hatch Cover

Amin < Aner [sz]

where,

A . net shear area [cm?]

net®

Aie: Minimum shear area, defined as

10-c-1-p 2
=——[cm
min R [ ]

el

I: unsupported span [m] of stiffener

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 2

Mathematical Formulation of an Optimization Problem
- Constraints (6/6)

M Geometric Limitations Related to the Shape of the Hatch Cover

NQa+by<W d<H 0 <0<90°

where,

w: width [m] of the hatch cover
D: depth [m] of the hatch cover

@ angle between the plate and stiffener

®» This optimization problem has total 8 inequality constraints.

dlal 0
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Mathematical Formulation of an Optimization Problem
- Objective Function

M An optimal hatch cover means a hatch cover having minimum
weight.

M Thus, the weight of the hatch cover was selected as the objective
function of the optimization problem.

Minimize Weight = [pp L-W-t,+p, -L-{(Za-(cos o) +b+c)-N+c} -tJ-lO'3 [ton]
where,
p, and p;: specific gravity [ton/m3] of plate and stiffener, respectively
L: length [m] of the hatch cover

A, stiffener thickness [mm]

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 28

Process for Determining Optimal Principal Dimensions of
a Hatch Cover Using an Optimization Algorithm

Initial values
X = {tp) tsy b) ay dr N}

Optimization method

Minimize f(X) = {Weight} RALEL L EE NN I ~.
Subject to g(X) = {Maximum X 1 .
permissible stress, Maximum | FE modeling for X | -

permissible deflection,
Minimum plate thickness, ! {
Minimum section modulus and | £(X)1

e S5 e Y
- B A
- . P Vo - |

FE analysis for X

shear area, Geometric g(x)i
limitations}

Structural analysis
program

NO

Xis
optimum?

Visualization of : \\\\
optimization result e

282
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Optimization Program for the Hatch Cover Design
- Configuration

Optimal Program for Hatch Cover Design

Input data for Preprocessor
hatch cover Input module : e
design
Tool for providing Tool for performing
various input data for finite element
hatch cover design modeling
Optimal Optimization
principal el Postprocessor module
dimensions of Tool for performing Tool for performing
hatch cover the optimization for finite element

hatch cover design analysis

Output module

Tool for generating
and visualizing the
optimization result

Structural
analysis
program

opics in Ship Design i Fall 2014, Myung:Il Roh
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Optimization Program for the Hatch Cover Design
- Components (1/5)

M Input Module

B The input module inputs some data for optimization of the hatch

cover from a designer.

B The data includes the size (length, width, and depth) of the hatch

cover, materials of plate and stiffeners, and so on.

B In addition, the input module generates initial values for design

variables and transfers them to the optimization module.

opics in Ship Design i Fall 2014, Myvung:Il Roh
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Optimization Program for the Hatch Cover Design
- Components (2/5)

M Optimization Module

B The optimization module includes the multi-start optimization
algorithm.

B The module calculates the values of an objective function and
constraints are calculated.

B By using the values, the module improves the current values of the
design variables.

B At this time, the finite element modeling and analysis for the current
values of the design variables should be performed in order to
calculate some structural responses such as the stress and deflection
of the hatch cover for the values of the design variables.

B Thus, this module is linked with the preprocessor and postprocessor
modules, and calls them when needed.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 203

[Reference] Multi-Start Optimization Algorithm

M This algorithm intends to find a global optimum by using multiple
local optimization with the SQP (Sequential Quadratic
Programming) and performs optimization from multiple starting
points (various sets of initial variables for design variables)
generated randomly.

M Finally, it selected the best optimum obtained from multiple
starting points as the global optimum.

dlal s
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Optimization Program for the Hatch Cover Design
- Components (3/5)

M Preprocessor Module

B To calculate the structural responses by using a structural analysis
program, a finite element model is required.

B The preprocessor module is used to generate the finite element
model for the current values of the design variables.

B That is, the role of the module is the finite element modeling.

B In this module, an input file for the execution of the structural
analysis program is generated with the current values of the design
variables.

B The input file is transferred to the postprocessor module.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 287

Optimization Program for the Hatch Cover Design
- Components (4/5)

M Postprocessor Module

B In the post processor module, the structural analysis program is
executed with the input file from the preprocessor module.

B That is, the role of the module is the finite element analysis.

B In this study, the ANSYS which is one of commercial structural
analysis programs was used for the structural analysis.

m After performing the finite element analysis with the structural
analysis program, the structural responses such as the stress and
deflection of the hatch cover can be acquired.

B The values of the structural responses are written in the output file by
the structural analysis program.

B The postprocessor module parses the output file by the structural
analysis program, and transfers the values of the structural responses
to the optimization module.

dlal s
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Optimization Program for the Hatch Cover Design
- Components (5/5)

M Output Module
B The output module outputs an optimization result from the
optimization module.
B The result includes optimal dimensions (optimal values of the design
variables), weight, maximum stress, maximum deflection of the hatch
cover, and so on.

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 209

Example

dlal 2.0
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Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Input Data (1/3)

M Target ship: Deadweight 180,000 ton B/C
M Dimensions of the ship: Length 283.5 m, Breadth 45.0 m, Depth 24.7 m
M Input data of No. 1 HC for optimization of the hatch cover
B Length (L) of the hatch cover: 14.929 m
Width (W) of the hatch cover: 8.624 m (actually, half width of No. 1 HC)
Height (H) of the hatch cover: 0.880 m
The largest span of girders (Ig) in the hatch cover: 3.138 m
Load (p,) on the hatch cover by CSR: 86.28 kN/m?
Materials of the hatch cover: AH32
Specific gravity of plate and stiffeners (p,, p,): 7.8 ton/m?

opics in Ship Design i Fall 2014, Myvung:Il Roh

Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Input Data (2/3)

Plan view

Fal — | | —] T No. 1 HC-.
1 55 |l ‘ i |-‘- | rf()ﬁfnlr," s{moznc| ol sosw|3a \
N L = 1| = L ;\1 1 1 *J L';" 1 ™ . ,",f

[ ]

| ‘ Elevation view
- I —_— e — === =7

< N

Sketch general arrangement of the deadweight 180,000 ton bulk carrier

ndlab -

opics in Ship Design i Eall 2014, Myung:ll Roh

2014-09-17

146



Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Input Data (3/3)

Fimnviewr
I — J N () SR N E— No. 1‘HC
1 - [, 2\ 2
N2

Port side W = tp N : Number of stiffeners
Center line
Idealized half model Stiffener section

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 289

Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Mathematical Formulation

Find lp,tx,b,a,d,N
Minimize Weight =|:pﬂ LW -t,+p,L-{(2a (cosO) " +b+c)~N+c}~tS]10'3 [1on]
= [7.85 14.929-8.624-1,+7.8514.929-{(2a-(cos 0) ' +b+¢)- N +c 4)]-10'3
: weight of top plate and stiffeners

Subject to
0,<0.8-315 [N/mmz] : maximum permissible stress

£ <£0.0056-3.138 [m]  : maximum permissible deflection

toin < tp [mm] : minimum thickness of a top plate
Mmin SMM [cm3] : minimum section modulus of stiffeners
Amin < Aﬂg, [cm2] > minimum shear area of stiffeners
N(Za +b) <W : geometric limitation

d< H : geometric limitation

0°<@<90r : geometric limitation

®» Optimization problem having 6 design variables and 8 inequality constraints

dlal 2
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Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Optimization Result (1/2)

m Manual design Optimization result
mm 16 14

mm 8 8
0.170 0.160
0.120 0.111
0.220 0.198
8 8
ton 26.225 23.975
MPa 218 252
Maximum deflection [l 5.532 6.388

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 289

Hatch Cover Design of a Deadweight 180,000 ton Bulk Carrier
- Optimization Result (2/2)

AT

Max equivalent stress = 218 Mpa Max equivalent stress = 252 Mpa
Max deflection = 5.532 mm Max deflection = 6.388 mm

Before optimization After optimization
(manual design) (this study)
opics in Ship Design ion, Fall 2014, Myung:Il Roh m
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8.5 Determination of Optimal Principal
Dimensions of Submarine
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Composition of Submarine

M Hull Structure

M Propulsion Systems
M Electric Systems

M Command and Control Systems
M Auxiliary Systems

M Outfit and Furnishing
M Armament

aft control steam
diving for the propulsion  escape access
plane diving plane system hatch hatch refectory antenna

snorkel
periscope

forward
vertical rudder

turret

— i : 3 1o 28 = torpedo
\=l : ol . h % room
propeller s imgs e iR A 10 ST |8
Al = REAf = = e guidance
lower ~t } A [BRgE- |===li¢} sonar
rudder

ballast
rudder  ballast auxiliary nuclear battery radio torpedo  battery
electric reactor antenna
motor

opics in Ship Design i Fall 2014, Myung:Il Roh ‘ b 299

Pressure Hull (1/2)

M Strong hull inside the outer hull which actually withstands the
outside pressure and has normal atmospheric pressure inside.

M It is generally constructed of thick high-strength steel with a
complex structure and high strength reserve, and is separated
with watertight bulkheads into several compartments.

U-Boat of WWII

2014-09-17
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Pressure Hull (2/2)

* Reference: Metka, Greece

R ) dlab s
opics in Ship Design Fall 2014, Myvung:Il Roh

Volume and Displacement of Submarine (1/3)

3
Pressure hull . e aoe -,
volume S r .
5e °
e
Outboard volume ot 22
o oo
Everbuoyant o
volume o
+
Main ballast %
tanks Deductom _ Deductions
Submerged
displacement
+ -
Free flood <1 o
volume I =

Envelop
displacement

302
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Volume and Displacement of Submarine (2/3)

M Pressure Hull Volume
® Watertight volume having important parts of submarine

M Outboard Volume

® Volume of weapons and propulsion systems which are installed
outside of pressure hull

M Everbuoyant Volume
B Total volume related to buoyancy among volumes of submarine
B Basis for calculating Normal Surface Condition Weight (NSCW)
B NSCW = Ever buoyant volume / density of sea water

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 303

Volume and Displacement of Submarine (3/3)

M Main Ballast Tanks

B Volume of ballast tanks required for controlling trim (attitude) of
submarine

M Submerged Displacement
m Ever buoyant volume + Main ballast tanks

M Free Flood Volume
B Volume of the region that sea water can move freely

M Envelop Displacement
B Submerged displacement + Free flood volume

dlal s
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Balance Control of Submarine

Weight estimation Volume estimation

Group 1 (Hull)
a. Mobilit

Group 2 (Propulsion Machinery) ; Weap{:‘ns
{floup 3 (Electrical) ¢. Command and Control
Group 4 (Electronics) d. Auxiliaries
Group 5 (Auxiliary Equipment) e. Hmi!;ml\e\-
Group 6 (Outfit & Furnishings) I -
- f. Storerooms
Group 7 (Weapons)

EGmup 1.7 function (a..f)
Condition A-1 I Pressure Hull Volume (Vph) J
A-1 + Lead Ballast factor * Vph
Condition A ] ___outboard volume (vob) ]
A + Variable Load Vph + Vob
Balance

[ Normal Surface Condition »lﬂ Everbuoyant Volume (Veb) |

| Main Ballast Tank Volume (Vmbt) = factor "Veb I

| Submerged Volume (Vsub) = Veb + Vmbt I

| Freeflood Volume (Vff) = factor * Veb ]

Envelope Volume (Venv)

' 805

Weight Estimation of Submarine

M Composition of Weight (Displacement)
B Lightweight (LWT) + Variable Load (VL, cargo weight)
B Most of displacement becomes the lightweight.

M Weight Estimation Method (SWBS* Group of US Navy)

Group Item
100 Hull Structure
200 Propulsion
300 Electric Systems
400 Communication and Control
500 Auxiliary System
600 Outfitting and Furnishing
700 Armament

* Straubinger, EK., Curran, V.L, "Fundamentals of Naval Surface Ship Weight Estimating, Naval Engineers Journal, pp.127-143, 1983.
* SWBS : Ships Work Breakdown Structure

opics in Ship Design i Fall 2014, Myvung:Il Roh
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Meaning of Equilibrium Polygon (1/2)

M The equilibrium polygon is a graphical tool that is used to ensure
that the submarine will be able to remain neutrally buoyant and
trimmed level while submerged in any operating condition.

M In all operating conditions the ship must be able to compensate
which is accomplished through the variable ballast tanks.

M The polygon is a diagram of weight vs. moment.

Weight (lton)
25.00

FTT + AUX1 + AUX2 +

/ ATT
20.00

FFT + AUX1 + AUX2
15.00 ATT + AUX2 + AUXL \\
/ L J > FFT + AUXL
ATT + AUX2
- FTT

100.0 200.0 300.0

10.00

Moment (Iton*ft)

@ Light Loa 307

Meaning of Equilibrium Polygon (2/2)

M The boundaries of the graphic are calculated from the variable
tanks.

M Weights and moments are then calculated based on their
compensation for all extreme load conditions.

M The ship is adequately able to compensate for each load
conditions if each point lies within the polygon.

Weight (Iton)
25.00 T

FTT + AUX1 + AUX2 +
/ ATT
20.00
FFT + AUX1 + AUX2
15.00 ATT + AUX2 + AUX1
°® FFT + AUX1
10.00 ATT + AUX2 //
FTT
5.00 Ll
®
0.00 + t 1
-300.0 -200.0 -100.0 0.0 100.0 200.0 300.0

Moment (Iton*ft)
@ Light Load Condition 308
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Construction of Equilibrium Polygon

M The construction of the polygon boundary starts with identifying
the center and weight of each variable ballast tank.

M Starting with all tanks empty and plotting each point as the tanks
are “filled”, starting forward and ending aft and then emptying
each tank, again starting forward and working aft.

M The cumulative weight and moment is plotted.
M The following table illustrates this process.

B

Aft Trim Tank

Aux Tank 2

4

Fore Trim Tank

Aux Tank 1

Item Volume Weight
fi3 Ib Iton
Starting 0 0 0.00
Trim Forward(FTT) 220 14080 629
Aux Tanks(AUX1) 20 14080 629
FET + AUX1 440 28160 1257
Aux Tanks(AUX2) 132 8448 377
FFT + AUX + AUX2 572 36608 = 16.34
Trim AFT(ATT) 200 1280 571
FTT + AUX + AUX2 + ATT 772 49408  22.06
Added Totals 772 49408 2206
Trim Forward(FTT) 220 14080 629
Added Totals - FTT 552 35328 | 1577
Aux Tanks(AUX1) 220 14080 629
Added Totlas - FTT - AUX1 332 21248  9.49
Aux Tanks(AUX2) 132 8448 377
Added Totlas - FTT
AU - AUX2 200 12800 571
Trim Aft(ATT) 200 1280 571
Added Totals - FTT
- AUX1 - AUX2 - ATT o o 000

from LCB Moment
ft It fon*ft
0 0.00
31 436480 194.86
75 105600 4714
542080  242.00
2 101376 -45.26
440704 196.74
36 -460,800 -20571
20006 -8.97
20096 -8.97
31 436480 19486
-456,576  -203.83
75 105600 4714
-562,176 -250.97
A2 101376 -45.26
460,800 -205.71
36 -460,800 -205.71
0 0.00

Position

Required Operational Capabilities (ROC)

M Example of ROC

Priority Capability Attributes Threshold metrics
e Int I Payload Sufficient aperture/volume for various mission modules for covert
1 Mission Module nternal Fayloa strike or special mission or future advanced ISR vehicles
Extension External Payload Docking interface for external payload (SDV, mine belt, etc.)
2 Stealth Stealth capable -
ISR ESM, Decoy, Scope, IR camera,
3 C4ISR Active/passive/mine detecting sonar/radar
c4 NCW capable, SATCOM, VLF, HF, VHF, UHF
Depth 250 m
Sprint Speed 18 knot
Endurance Range 2,000 nm
4 Mobility
AIP 14 days (21 days)
Crews 10 (7)
Volume Minimize
ASW, ASUW, Torpedo 6 (8)
> MIW
Mine 24 (32)
6 SPW No. special forces 14

* Note: The values in “( )" means those described in Initial Capabilities Document (ICD).

opics in Ship Design
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Mathematical Formulation and Its Solution

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b oAl

Mathematical Formulation of a Problem for Determining
Optimal Principal Dimensions of a Submarine

Find X={L,,. Ly Ly B.D.C,, . ASW,CAI ISR, MCM ,SPW, PSYS, BAT, N}
Maximize  F, = Performance(X) and ®» Optimization problem having
o : Overall measure of performance 4 6 design variables,
Minimize  F, =Cost(X) and F, = Risk(X) 11 inequality constraints, and
. : Cost : Overall measure of risk 3 objective functions
Subject to
g =atr—ata(X)<0 : Constraint about the allowable area
g, = \{ﬂ(min —Vﬁ{(X) <0 : Constraint about the minimum free flood volume
&= lﬁ(x) —vﬁpmax <0 : Constraint about the maximum free flood volume
84= wleadmi“ - Wé(X) <0 : Constraint about the minimum lead ballast

g5 = VVS(X) - wleadmax <0 : Constraint about the maximum lead ballast

8¢ = VSmin - VS(X) <0 : Constraint about the minimum sustained speed

g, = Kngl —KWg(X) <0 : Constraint about the required electrical power

g = GMnlin — GM(X) <0 g = GBmin - GB(X) < (0 : Constraints about the minimum GM and GB
g = Emin — E(X) <0 : Constraint about the minimum endurance range
g = Esmi“ -Es(X)<0 : Constraint about the minimum sprint range 312
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Process for Determining Optimal Principal Dimensions of
a Submarine Using an Optimization Algorithm

Given: Input data
(Performance, armament, propulsion, etc.)

Variation of principal dimensions
[T— Laﬂ, B, D, .., Ng
1

Calculation of combat/propulsion systems
Calculation of hull form/tankage

Estimation of volumes Multi-objective
Calculation of resistance/electric power Optimization method

Estimation of weight
Check of feasibility

Multi-Objective GA

]
Criteria for determining optimum
Maximization of “performance” and
Minimization of “cost” and “risk”

Optimum? No

l Optimum? Yes

Finish

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 13

Optimization Program for Conceptual Design of Submarine

- Configuration

Submarine synthesis program
Input module Output module

Optimization module

Input data Performance module Cost module Risk module
based on ICD

(Initial Capabilities

Document)
Feasibility module
Combat module Propulsion module Hull form module
Optimal <::| Tankage module Space module Electric module

dimensions

of submarine
opics in Ship Design ion, Fall 2014, Mvung-Il Roh ‘!!m
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Optimization Program for Conceptual Design of Submarine
- Overview

M Objective
B Yielding best or better design alternative (optimal principal
dimensions) by using specific criteria (“objective functions”) among a
number of design (“design variables”) alternatives which satisfy all
requirements (“constraints”)

M Overview
B Yielding best or better design alternatives by applying multi-objective
optimization method
B Consisting of 15 modules

® 13 modules for optimization (3 modules for the calculation of objective
functions, 10 modules for the calculation of constraints and for the
evaluation of feasibility) and 2 modules for Ul (User Interface)

B Configuration of optimization by controlling various parameters
® Population No, Generation No, etc.

B Developed by using C++ language on the environment of Microsoft
Visual C++ 6.0

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 313

Optimization Program for Conceptual Design of Submarine
- Program Modules (1/3)

M Modules for Optimization: Total 13

B Optimization module: Module for yielding best or better design
alternatives by using multi-objective genetic algorithms

B Performance module: Module for estimating OMOE (Overall Measure
Of Effectiveness) of the corresponding design alternative

B Cost module: Module for estimating building cost of the
corresponding design alternative

B Feasibility module: Module for evaluating feasibility (satisfaction of
constraints) of the corresponding design alternative

m Risk module: Module for estimating OMOR (Overall Measure Of Risk)
of the corresponding design alternative

B Combat module: Module for calculating data related to armament of
the corresponding design alternative

B Propulsion module: Module for calculating data related to propulsion
system of the corresponding design alternative

B Hull form module: Module for calculating data related to hull form of
the corresponding design alternative

dlal s
opics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____
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Optimization Program for Conceptual Design of Submarine
- Program Modules (2/3)

M Modules for Optimization: Total 13 (continued)

B Tankage module: Module for calculating data related to tanks of the
corresponding design alternative

B Volume module: Module for calculating data related to volume of the
corresponding design alternative

B Resistance module: Module for calculating data related to resistance
of the corresponding design alternative

B Weight module: Module for calculating data related to weight of the
corresponding design alternative

opics in Ship Design i Fall 2014, Myung:| 1l Roh ‘ b 1z

Optimization Program for Conceptual Design of Submarine
- Program Modules (3/3)

M Modules for Ul: Total 2
B Input module: Module for inputting some data for optimization of
principal dimensions of submarine
B Output module: Module for outputting an optimization result (best or
good design alternatives)

dlalb s
opics in Ship Design jon, Fall 2014, Myung:| Il Roh ‘!_____
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Example

opics in Ship Design i Fall 2014, Myvung:Il Roh

'!‘Eb 319

Conceptual Design of a Small Submarine
- Input Data for ROC (Required Operational Capabilities)
Unit Threshold Target
Number of Torpedoes E/A 6 8
Endurance Speed knots TBD* TBD
Endurance Range NM 2,000
Maximum Speed knots 18.0
Sustained Range N/M
Diving depth m 250
Personnel - 10 7
SPW (Special Warfare) No - 14
Endurance day 14 21
Propulsion - TBD (AIP is available)
R rydlab o
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Conceptual Design of a Small Submarine

- Input Data for Armament

D

o b wN =

14
15
16

Name

Passive Ranging Sonar and Electronics
Flank Array Sonar and Electronics
Bow Sonar, Passive, Active, Electronics
Intercept Detection and Ranging Sonar (IDRS)
Combat System (Weapon Control)
Torpedo Rooms w/ Torpedo Access,
4x Heavy/2x Light Weight Torpedo

Inboard Torpedo Reload
(4x Heavy/2x Light Weight Torpedo)

External Minelaying Equipment (or Torpedo)

Effecter Launcher (CIRCE or SEA SPIDER)
Optronic Mast
Radar Mast
ESM Mast

13 Combined Communication Mast (VHF, UHF, HF, IFF, GPS)

SHF SATCOM Mast
SATCOM Communication Mast
Payload Module Mast (w/ Machinegun or UAVs)
Underwater Communications
Navigation Echo Sounders
Distress Beacon
Communication Electronics & Equipment
ISR Control and Processing
Imaging Center For Optronic Systems Control
Mine Avoidance Forward Looking Sonar and Electronics
Side Scan Sonar
9 Man Lockout Trunk

Data Set
1
1
1
1
1

1 (Heavy)

1 (Heavy)

FEEY [ PR RN PR RN N PN RN PR R PRGN RN PR PN PN )

War Area

ASW/MCM/C4I
ASW/MCM/C4l
ASW
ASW/C4l
ASW/ASUW

ASW/ASUW

ASW/ASUW

ASW/ASUW/
MCM
ASW
C4ISR
C4ISR
C4ISR
cal
cal
cal
C4ISR
cal
cal
cal
cal
ISR
ISR
MCM
MCM
SPW

SWBS

T T T T T N N N N S N N N )

WT  VCG/D
(ton) (ft)
0.13 0.10
0.20 0.45
1.45 0.48
0.13 0.48
1.50 0.65
2200 0.40
1.50 0.40
6.00 0.40
0.67 0.40
7.00 0.40
0.33 0.40
5.00 0.80
4.00 0.90
1.50 0.90
1.50 0.90
1.00 0.90
1.00 0.90
0.50 0.90
4.00 0.95
0.05 0.85
0.10 0.40
0.05 0.95
1.25 0.65
0.50 0.65
0.50 0.65
0.90 0.30
0.10 0.30
17.23 0.40

AREA
(ft2)
25.00
25.00
30.00
25.00
30.00
240.00
25.00
78.00
19.50
0.00
0.00
4.00
4.00
4.00
4.00
2.00
2.00
20.00
0.00
2.00
0.00
0.00
20.00
50.00
30.00
25.00
15.00
0.00

Vob
(ft3)
45.00
55.00
63.94
45.00
0.00
360.00
90.00

KW
(kw)

opics in Ship Design

Fall 2014, Myvung:Il Roh

Conceptual Design of a Small Submarine
- Input Data for Propulsion System

Description
Main Generator Power (kW)
Basic Weight (Iton)
Specific Fuel Consumption (kg/kWhr)
Specific Oxidant Consumption (kg/kWhr)

Specific Argon Consumption (kg/kWhr)

Inboard Fuel Tank Volume per Iton Fuel (ft3/Iton) Including

Structure

Outboard Fuel (Hydrogen) Tank Volume per Iton Fuel (ft3/Iton)

Oxidant Tank Volume per Iton Oxidant (ft3/lton)
Argon Tank Volume per Iton Argon (ft3/Iton)
Hydrogen Tank Structure Weight (Iton/Iton fuel)
Oxidant Tank Structure Weight (lton/Iton oxydant)
Argon Tank Structure Weight (lton/Iton argon)
Minimum Machinery Room Length Required (m)
Minimum Machinery Room Width Required (m)
Minimum Machinery Room Height Required (m)

Propulsion Machinery Required Volume (m3)

ccD
CAT 3406E

410

13.7

0.213

0.03

45.15

0.375

0.1

1.535

0.995

1.231

36.49

ccD
CAT 3412E

690

23.1

0.211

0.03

45.15

0.375

0.1

1913

1.444

1.621

61.41

PEM
250 kw

250

4.7

3.49

10.9

36.9

0.25

0.375

PEM w/ Reformer
250 kW

250
7.2
0.31
0.9
0

45.15

36.9

325

Alkaline  Stirling E/G
250 kw 250 kW
250 250
5.3 7.4
29 0.293
0.37 1.022
(] 0.01

0 45.15
10.9 0
36.9 36.9

0 29.8
0.25 0
0.375 0.375

[ 0.1

o 0

0 0

0 0

o 0

opics in Ship Design
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Conceptual Design of a Small Submarine
- Input Data for Battery
Batteries Weight (MT/kWhr) Volume (m3/kWhr) Power to Energy Ratio (kW/kWhr)
Lead Acid 0.0333 0.0173 0.50
Lithium-lon 0.0058 0.0027 0.56
Nickel Cadmium 0.0113 0.0032 0.87
opics in Ship Design Fall 2014, Myung:Il Roh m

Conceptual Design of a Small Submarine
- Optimization Result
[ item | \Value |
LOA 116.5 ft Pareto optimal set
B 18.0 ft
D 18.0 ft
Displacement 631 ton
Endurance speed 4 knots
Endurance range 1,000 NM
Sustained speed 21 knots -
]
Sprint range 38 N/M o
Diving depth 250 m
Personnel 12
SPW (Special Warfare) No Max 14
Endurance 21 days :
Propulsion Fuel cell #
o a,
Power Li-lon ory, 0.7
3,
Performance 0.6580 "ce 0.8 139 ©
Cost 239 M$
Risk 0.6077
opics in Ship Design Fall 2014, Myvung:Il Roh
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Conceptual Design of a Small Submarine
- Weight Estimation of a Small Submarine

M Weight Estimation by Using SWBS Group

SWBS Group

100 (Structures)
200 (Propulsion)
300 (Electrical)
400 (Command & Control)
500 (Auxiliaries)
600 (Outfit)

700 (Delivery Systems)
800 (Lead Weight)
900 (Variables Weight)
Condition A1 Weight
Condition A Weight

Normal Surface Condition Weight

Weight (Iton)

189.68
78.41
16.65
30.03
71.49
34.25
33.45
22.66

154.62

453.96

476.62

631.24

VCG (ft, above C.L)

-0.04
-2.99
-0.90
0.23
0.18
-0.72
3.60
-4.50
-1.69
-0.31
-0.51

-0.80

LCG (ft, fwd LCB)

10.29
-22.73
-4.96
5.07
-18.44
7.00
30.00
32.50
-10.98
0.36
1.89

-1.26

opics in Ship Design

Fall 2014, Myvung:Il Roh
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Conceptual Design of a Small Submarine
- Detailed Estimation of Weight and COG

SWBS ‘Component Weight(iton)  VCG(f) _ Moment  LCG(f) _ Moment  1CG(f) _ Moment
NSC Full Load Weight + Margin 631.24 080 50500 126  -79747 000 000
Cond. A Lightship Weight + Margin 476.62 051 24345 189 90000 0.00 000
Cond. A1 Lightship Weight 031 14150 036 16368 0.00 000
800 Margin -450 10195 3250 73631 0.00 000
100 Hull Structures 189.68 004 176 1029 195142 000 000
- Bare Hull Weight (Wbh) 15303 005 176 1050 160682  0.00 000
- Foundations Weight (W180) 1942 000 000 000 0.00 0.00 000
- Payload Structures Weight (Wp100) 17.23 000 000 2000 34460 0.00 000
200 Propulsion Plant 78.41 299 23441 2273 -178200  0.00 000
- Basic Propulsion Machinery Weight (Wbrm) 470 173 814 3000  -14100 000 000
- Propulsion Power Transmission Weight (W240) 17,59 200 3518 3900 -68601 0.00 000
- Battery Weight (Whattery) 241 6.00 13446 200 4482 0.00 000
- Propulsion Tank Weight (W2reactks) 3371 425 14327 2700 91017 000 000
300 Electric Plant, General 16.65 -090 14.99 496 82,64 0,00 000
- Electrical Distribution Weight (Wdist) 811 1.09 884 1650 -13382 000 000
- Lighting System Weight (Wiight) 853 279 2382 6.00 5118 0,00 000
- Degaussing System Weight (Wdegaus) 000 000 000 000 0.00 0,00 000
400 Command + Surveillance 30.03 023 7.03 507 15225 000 000
- Payload Command & Control Weight (Wp400) 18.78 023 439 800 150,24 0,00 000
- Interior Communication System Weight (Wic) 421 023 1.00 000 0.00 0,00 000
- Ship Control Weight (Wco) 306 023 072 450 1377 0.00 000
- Command & Control Weight (Wcc) 392 023 092 3.00 11.76 0.00 000
500 Auxiliary System, General 71.49 018 1287 1844 -131860  0.00 000
- Auiliary Payload Weight (Wp500) 000 000 000 000 000 000 000
- Auxiliary Environmental Weight (W593) 200 018 036 000 000 000 000
- Auiliary Fluids Weight (W598) 092 018 017 23.00 21.16 0.00 000
- Auxiliary Machinery Weight (Waux) 6857 018 1234 1892 129744 000 000
600 Outfit + Furnishing, General 3425 072 2466 7.00 23975 000 000
- Hull Outfit Weight (Wofh) 3065 -080 24,66 7.00 21455 0.00 000
- Personnel Outfit Weight (Wofp) 3.60 000 0.00 7.00 25.20 0,00 000
700 33.45 360 12042 3000 100350 000 000
- Payload Ordnance Delivery Systems Weight 3345 3.60 12042 3000 100350 000 000
Totals and CG's 453.96 -031 14150 036 163.68 0.00 000

Full Load Condition
900 Variable Loads 154.62 169 -26155  -1098  -1697.47  0.00 000
- Variable Payload Weight (Wyp) 600 -1.00 6.00 3000 18000 000 000
- Lube Oil Weight (WF46) 1.00 -425 -425 2250 -2250 0,00 000
- Fresh Water Weight (WF52) 210 550 41155 -1600  -3360 000 000
- Personnel Provisions and Stores Weight (WF31) 072 5.00 360 27.00 19.44 0.00 000
- General Stores Weight (WF32) 03 5.00 140 27.00 7.56 0,00 000
- Personnel Weight (WF10) 16 500 7.75 5.00 7.75 0,00 000
- Fuel Weight (Wfuel) 1134 250 -28350  -1282 145362 000 000
- Oxidant Weight (Woxidant) 143 768 10988 2662  -38061 0,00 000
- Argon Weight (Wargon) 0 000 000 000 0.00 0.00 000
- Sewage Weight (Wsew) 08 -425 =340 2000 -16.00 0,00 000
- Trim Ballast Weight (Wirimbal) 12.58 -6.00 7548 041 512 000 000
- Residual Ballast Weight (Wresidual) 1.89 000 0.00 041 077 0.00 000
Totals and CG's. 608.58 -0.66 -403.05 -2.52 -153378 0.00 0.00 326

2014-09-17

163



Conceptual Design of a Small Submarine
- Construction of Equilibrium Polygon

Position

@ Normal Surface Condition
@ Full Load Condition
@ Light Load Condition

Item Volume Weight s Moment
3 b Iton ft %t lton*ft
Starting 0 0 0.00 0 0.00
Trim Forward(FTT) 220 14080 629 31 436480 19486
Aux Tanks(AUX1) 220 14080 629 75 105600  47.14
FFT + AUX1 440 28160 1257 542,080  242.00
Aux Tanks(AUX2) 132 8,448 377 -12 -101,376 -45.26
FFT + AUX + AUX2 572 36,608 16.34 440,704 196.74
Trim AFT(ATT) 200 12800 571 36 460800 -205.71
FIT + AUX + AUX2 + ATT 772 49408  22.06 -2009%  -897 B
Added Totals 772 49408 2206 2009% 897 T ¥
Trim Forward(FTT) 220 14080 629 31 436480 19486 7
Added Totals - FTT s52 35328 1577 -456,576  -203.83 Aft Trim Tank Fore Trim Tank
Aux Tanks(AUX1) 220 14,080 629 75 105600  47.14 Aux Tank 2 Aux Tank 1
Added Totlas - FTT - AUX1 332 21,248 9.49 -562,176  -250.97
Aux Tanks(AUX2) 132 8448 377 12 101376 -45.26 (eht (fton)
Added Totlas — FTT Weight (Iton
- AUX1 - AUX2 200 12,800 571 -460,800 -205.71
Trim Aft(ATT) 200 12800 571 36 -460800 -205.71
Added Totals - FTT FTT + AUX1 + AUX2 +
- AUX1 - AUX2 - ATT 0 o 000 o 000 /NTT
20.00
ATT + AUX2 + AUXL FFT + AUX1 + AUX2
15.00
° FFT + AUX1
10.00 ATT +AUX2
FTT
5.00
000 oy + ey
-300.0 -200.0 -100.0 0.0 100.0 200.0 300.0

Moment (Iton*ft)
327

Conceptual Design of a Small Submarine
- Design of Hull Form and General Arrangement

Hull form

PROFILE

=]

Command & Control Repm

oo
Cramber

Toft

Tiewy Torpeda

21

ﬂ’—“ M g ok
I

250 BL

PRINCPAL DIMENSONS
1165

Displacement : 631ton

Endurance Speed : 4knots
Max Speed : 21knots

Endurance Range : 1,000NM

} e 1
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8.6 Generation of Weight Estimation
Model Using the Optimization Method

Fall 2014, Myung-Il Roh '!‘Eb 329
Generals
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Example of an Offshore Plant for Deep Sea Development

- Production plant for separating the well stream into oil, gas, and water
and then transferring them to onshore

Necessity of the Weight Estimation of Offshore Topsides

M The weight estimation of offshore topsides is necessary,
B To provide the information required for hull structural design

B To estimate the equipment to be built and the amount of material to be
procured

B To estimate total cost and construction period of the project

M If the topsides weight can be accurately estimate at FEED state, it is
possible to control efficiently the weight and to produce stably material

cost.
m :> caICUIation :> m
Weight Control
Weight engineering process of high level
opics in Ship Design ion, Fall 2014, Myung:Il Roh m
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Classification of Weight Estimation Methods (1/3)

M Volumetric Density Method

B A method of estimating the detailed weight group by the multiplication of
space volume and bulk factor (density)

B e.g., detailed weight = space volume * bulk factor

M Parametrics

B A method of representing the weight with several parameters, and an essential
prerequisite of the following ratiocination

B e.g., hull structural weight = L'¢(B + D)

M Ratiocination

B A method of estimating the weight with a ratio from past records and a
parametric equation

m e.g., hull structural weight = Cs-L'$(B + D))

M Baseline Method

B A method of estimating the weight by using the result of the first one for a
series of ships and offshore plants

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 293

Classification of Weight Estimation Methods (2/3)

M Midship Extrapolation Method

B A method of estimating the weight by the multiplication of the length and the
midship weight per unit length

B e.g., fore body weight = midship weight per unit * fore body length * coeff.

¥ Deck Area Fraction Method

B A method of estimating the weight by the multiplication of the deck area and
the deck weight per unit area

B eg., detailed weight = deck weight per area * deck area * coeff.

M Synthesis Method

B A method of estimating by using a delicate synthesis program which was made
from the integration all engineering fields (e.g., performance) based on
requirements

B Most ideal method but it needs much time and efforts.

dlal s
opics in Ship Design ion, Fall 2014, Myung-Il Roh ‘!_____
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Classification of Weight Estimation Methods (3/3)

M Statistical Method

B A method of developing a weight equation from statistical analysis of various
past records, and of estimating the weight by using the equation

M Optimization Method ® To be presented here

B A method of developing a weight equation by optimization method such as
genetic programming

dlab
opics in Ship Design ion, Fall 2014, Myung: 1l Roh "'_B__

Generation of Weight Estimation Model
by Using Genetic Programming
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Cycle of Genetic Programming

Create Initial
Random
Population
v

Designate Result
Criterion Satisfied? 9

¥ No

Evaluate Fitness of
Each Individual in

Individuals = 0

Y
Gen = Gen + 1 |<i | Individuals = M? |<

v No
Reproduction Select Genetic Mutation
Operation
Probabilistically
4 v Crossover v
Select One Select Two Select One
Individuals Individuals Individuals
Based on Fitness Based on Fitness Based on Fitness
A 4
Perform Perform Crossover Perform Mutation
Reproduction
3 7 7
Copy into New Insert Two Insert Mutation
Population Offspring into New into New
pulati Population
i :
Individuals Individuals Individuals
= Individuals + 1 = Indivi +2 - Indivi 1
= v 337

Programming

Chromosome Representation of Tree Structure in Genetic

Chromosome
in tree structure

Terminal Set = {x, y}

Function Set = {+, -, *, /, cos}

opics in Ship Design Fall 2014, Myung:Il Roh

. ‘ Decoding
(9 (N6 @ 3

Encoding

Expression

(1.3=(x/4.5))+(5.1xcos )
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Genetic Operator in Genetic Programming
- Crossover

Before Parent 1 Parent 2

() ()
ONNO Ol O
() (NE) (=) (1) @) (o
ORONO ORORONO

After Child 1 Child 2

() (6D () OROIONO
ORONO OROXONO
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Genetic Operator in Genetic Programming
- Mutation
Child 1 Child 1
© ()
OO L Q
(2 (6D (e 2 (6D (=
® @ © ® @ ©
Before After
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Difference between Genetic Algorithms and Genetic
Programming

(SEEE ells eIt D Generic Programmin
(e.g., Binary-string coding) 9 9

Binary string of 0 and 1 Function
Expression String Tree
Fixed length Length variable
Main operator Crossover Crossover
Structure 1010110010101011

opics in Ship Design i Fall 2014, Myvung:Il Roh

Weight Estimation Program of Topsides of Offshore Plant
- Configuration

Weight estimation program

Input data
for p_arent Input module
ships

Expression
for weigh

estimation

Optimization module (Genetic Programming)

ndlab ..

opics in Ship Design i Eall 2014, Myung:ll Roh

2014-09-17

171



Weight Estimation Program of Topsides of Offshore Plant

- Procedures (1/3)

4

Command Window

weight estimation of Floationg offshore Structure using the GP

eenetic Programming (GP) is an evolutionary approach to optimization.
Through this 6@ symbolic regression,
you could find out the estimating weight model for floating offshore.

Firstly, you declare the terminal set by saving your data in data.csv’.
Then, you alse declare the function set that you want to use.
Lastly, input the genetic parameters for GpP.

Press any key

Enter total number of row of data T le
Enter total number of column of data 112
Enter number of first row of testing data 118

["times’, 'minus’, °plus', 'divide’, 'sgroot’, 'sin’, ‘ces’, ‘exp']
If you use 'times' insert '1° else '@ : 1
If you use 'minus’ insert '1° else "@" : 1
If you use 'plus’  insert "1 else '8’ : 1
If you use 'divide’ insert '1' else 8" : 1
If you use sgroot’ insert "1° else "8’ : 1
If you use ‘sin’ insert "1" else "8’ : 1
If you use 'cos' insert '1" else "8’ : 1
¥ If you use ‘exp’ insert '1" else "@" : 1

1. Set input data.

2. Define function set.
Supported function set: plus, minus, multiply, divide,
square root, sine, cosine, exponential

opics in Ship Design

Fall 2014, Myvung:Il Roh
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Weight Estimation Program of Topsides of Offshore Plant

- Procedures (2/3)

Command Windaw ° - olEN|

Enter the
Enter the

Enter the
Enter the
Enter the

Enter the

Fopulation Size : 1888
Max. Generation : 2

The sum of rates should be equal to'1’
Reproduciotn rate : @.5
crossover rate @ @.2
mutation rate T e.2

Max. depth of trees : 5

Number of generations: 28

EC)
: H
Using function set: TIMES MINUS PLUS RDIVIDE PSQROOT SIN COS EXP
Number of inputs: 11
Constants range: [-20 20]

using fitness function: regressmulti_fitfun.m

eeneration @

Best fitness:  2317.6845
Mean fitness: GEE7.6773
Best nodecount: &

fk_ceneration 5

3. Define genetic parameters.
- Population size

- Maximum generation

- Reproduction, crossover, mutation rate

- Maximum depth of trees

4. Calculate.
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Weight Estimation Program of Topsides of Offshore Plant
- Procedures (3/3)

4

Command Window - - B

FiEdll TILNESS: 19, sas

Best nedecount: 13

Generation 15

Best fitness: 713.5242
Mean fitness:  1834.3745
Best nodecount: 13

GPTIPS run complete.
Best fitness acheived: 361.9544

Plot summary information of rum Using:
>>summary(gp)
Press any key

Run the best individual of the run on the fitness function using:

s»runtree(gp, 'best’);
Press any key

pisplay & function that predicts the output
using the given inputs.

>>gppretty(gp, "best’)

Press any key

@ A

4. Calculate.

5. Plot summary information.

simplified overall P expression:

x11 sin(sin(x8)}

6. Generate model of weight
Estimation.

opics in Ship.

Design i Fall 2014, Myvung:Il Roh
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Example
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Generation of Weight Estimation Model for FPSO Topsides
- Input (1/2)

M Past records for FPSOs from the literature survey

- I[:::IC; cS;;;ac?t; prodoulltion proc?t?cstion prréz:irng Crew T\;Ei:ﬂtes
[MMbbl] | [MMbopd] | [MMscf/d] | [MMbwpd] [ton]
Akpo 310 61 31 23 70500 303,669 2.00 0.185 530.00 0420 220 37,000
USAN 310 61 32 24 75750 353,200 2.00 0.160 500.00 0420 180 27,700
Kizomba A 285 63 323 24 56300 340,660 220 0.250 400.00 0420 100 24,400
Kizomba B 285 63 323 25 56300 340,660 220 0.250 400.00 0420 100 24,400
::ig;el; 310 58 32 23 56000 360,000 177 0.220 380.00 0400 120 24,000
Pazflor 325 61 32 25 82000 346,089 1.90 0.200 150.00 0380 240 37,000
cLov 305 61 32 24 63490 350,000 1.80 0.160 650.00 0380 240 36,300
Agbami 320 584 32 24 68410 337,859 215 0.250 450,00 0450 130 34,000
Dalia 300 60 32 23 52500 416,000 2.00 0.240 440,00 0405 160 30,000
Skarv-ldun 269 506 29 19 45000 312,500 0.88 0.085 670.00 0020 100 22,000

* Clarkson, 2012, The Mobile Offshore Production Units Register 2012, 10th Edition, Clarkson

*Kerneur, J,, 2010, 2010 Worldwide Survey of FPSO Units, Offshore Magazine

'!‘Eb 347
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Generation of Weight Estimation Model for FPSO Topsides
- Input (2/2)

M Selection of initial independent variables

7000
amTen
21400
24800
24000
7000
o sm B & M mirw soom 1= uten B usm s saswm
gt Tnou4 T M man TuRa nra ram oen 1w 3om
Duis 300 60 32 23 52500 416000 200 0280 24000 D405 150 30000
Skaeeddun R4 i 4 Te S slemm i i amm uam  we  zom

Independent Variables | Dependent Variable

Principal dimensions L, B, D, T, H_LWT, DWT
SCOPGPWP
CREW

T_LWT

(to be estimated)

Capacity

Miscellaneous

* H_LWT: Hull light weight [ton], DWT: Deadweight [ton], S_C: Storage capacity [MMbbl], O_P: Oil production [MMbopd)], GP: Gas production [MMscf/d]

WP: Water processing [MMbwpd], T_LWT: Topsides weight [ton], CREW: Crew number
ndlab s
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Generation of Weight Estimation Model for FPSO Topsides
- Output

M Simplified model for the weight estimation
B The model can be represented as the nonlinear relationship between 11

independent variables and the corresponding coefficients.

T, =67.38-CREW +67.38-B+67.38-S _C—
3059-cos(L-W _P-(H LWT-3.838))+
12533-cos(exp(sin(S _ C)))+0.5007-B-T +
6738-O _P-G_P+
0.5007-D-sin(H _LWT)- I’ —30033

* H_LWT: Hull light weight [ton], DWT: Deadweight [ton], S_C: Storage capacity [MMbbl], O_P: Oil production [MMbopd], GP: Gas production [MMscf/d]
WP: Water processing [MMbwpd], T_LWT: Topsides weight [ton], CREW: Crew number

opics in Ship Design
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Generation of Weight Estimation Model for FPSO Topsides

- Verification of the Weight Estimation Model

T,,, =67.38-CREW +67.38-B+67.38-S _C—3059-cos(L-W P-(H LWT-3.838))+

12533-cos(exp(sin(S _ C)))+0.5007-B-T +67.38-O_P-G_P+
0.5007-D-sin(H _LWT)-L* —30033

X
Actual weight Estimated : 4
H S e

Akpo
USAN
Kizomba A

Kizomba B

Greater
Plutonio

Pazflor
cLov
Agbami
Dalia
Skarv-ldun
Test

37,000 36,951
27,700 27,672
24,400 24,352
24,400 24,383
24,000 24,063
37,000 36,918
36,300 36,318
34,000 33,906
30,000 30,059
16,100 16,093
25,000 24,928
Mean

0.9987
0.9990
0.9980
0.9993
1.0226
0.9978
1.0005
0.9972
1.0020
0.9996
0.9971

1.0011

4

@ @
O Actual weight 2
351
% Estimated weight @
=
g
= 3 ®
=
=
2 @
o
= 25
g e
2F
@
15 | | | | | |
100 150 200 250 300 350 400 450

Deadweight (ton)
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Determination of Optimal Dimensions
of Corrugated Bulkhead of Bulk
Carrier
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t 73,000 ton

| e e e ey |
—_—

Hull Structural Modeling of the Deadweig
Bulk Carrier

‘
* Principal dimension of the deadweight 73,000ton bulk carrier

e st st Lbp: 217.0m, B: 32.25m, D: 19.0m, Td: 12.4m, Ts: 13.75m, Cb

- 0.8354

Hull Structural Modeling of the Deadweight 73,000 ton
Bulk Carrier

MU eea.aNC e MANEEE S AEes U ERRSdmaiam ¥
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Corrugated Bulkhead Design for
the Minimization of Hull Structure Weight

Deck
—
Upper ' \
Stooy
I e

Top Side Wing Tank —~

— I~
7 /
on) -
( ko, |
'
S
M — -1

Hopper Tank P 05b . a, b _
Find Inner Bottom p d
Minimize Weight=p-EL-t"h/10° [ton] = Optimization problem <
Subject to b/t~ 60JE <0 : buckling of the platEaVing 4 unknowns and 5 inequality constraints
40°-60<0 : minimum inclined angle of the plate
tn —t<0 : minimum plate thickness by lateral load
Zw—2%0 : minimum section modulus by lateral load

2 2
btVb ta +£_ 5008 | b+a —4.4<( :maximum plate breadth for 4-point
500 2 b+a | 1,000 bending process 355

Optimization Result for Corrugated Bulkhead Design for
the Minimization of Hull Structure Weight

§ HYBRID
Unit MFD MS GA
w/o Refine with Refine
Weight ton 48.321498 34.056518 34.056518 34.001399 34.001399
t mm 13.780558 10.000000 10.000000 10.000000 10.000000
b mm 748.804856 500.000000 500.000000 500.000000 500.000000
a mm 788.425480 630.000000 630.000000 640.000000 640.000000
d mm 848.562871 1620.000000 1,660.000000 1,720.000000 1,720.000000
Iteration No - 5 245 48 26 28
CPU Time sec 0.16 8.03 6.41 6.16 6.38
529, —s— MFD
—e— MS
50 —e— GA
—x— HYBRID(w/o Refine)
484 —s— HYBRID(with Refine)
Ep
o
>
s
B
2
5
w
o
2
S
2,
8
(s}
T T T T 1

Generation(lteration) Number
* MFD: Method of feasible directions, MS: Multi-start local optimization method, GA: Genetic algorithm, HYBRID: Global-local hybrid optimization method
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Determination of Optimal Dimensions
of Midship Section of Tanker

opics in Ship Design i Fall 2014, Myvung:Il Roh ‘ b 837

Midship Section Design for
the Minimization of Shipbuilding Cost

Find x,i=1,---,16 X
JJJJJJJJJJJJJJJJ_‘
.., 7 7. L X,
Minimize Building Cost i N
g - 1 ORDINARY SECTION |
- e x, : deck longitudinal stiffener space -
. X, : outer & inner bottom (center) longitudinal L,
SubjeCt to : : stiffener space
. x5 : outer bottom (side) longitudinal stiffener B
t, .. —x,<0,i=6,---,16 [ ] sace "
7,min i P x, : side shell, side & center bulkheads -
R . b, A x longitudinal stiffener space o
: minimum plate thickness 16 |12 x5 : hopper tank longitudinal stiffener space X11]
T xq : deck plate thickness
Zd?Ck — ZdeCk <0 x, : outer bottom plate thickness N
min - Xo B Xy T xg : inner bottom plate thickness [ x4
A X, : side shell plate thickness o
I . L A : bilge plate thickness -
: minimum section modulus at deck L 1, - center bulkhead plate thickness
bottom ottom o
7" -7 <0 [ ] : side bulkhead plate thickness
min hopper side bulkhead plate thickness B
" 4 : center girder plate thickness futl; B
: minimum section modulus at bottom Y5 : Side girder plate thickness A
deck deck _ deck o ¢ : stringer plate thickness T F
o™ =" <0 - X3 I, -
3 -
X.
: critical buckling stress at deck B 5 Xy _ / =i r
b b b - TI T, TTTTT717 T T
ottom ottom ottom
o -7 o <0 K} X X5 X, Xi4
c X0 e T e N . e T T . . . O O . . | L r
: critical buckling stress at bottom X7 ! ﬁ

=» Optimization problem having 16 unknowns and 15 inequality constraints
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Optimization Result for Midship Section Design for
the Minimization of Shipbuilding Cost

Unit Actual Ship MFD MS GA HYBRID
w/o Refine with Refine
Building Cost Sim - 21,035.254748 20,637.828634 20,597.330090 20,422.478135 20,350.286893
X mm 800.0 787.038274 811.324938 780.000000 810.000000 810.3701321
X, mm 800.0 762.891023 799.038243 750.000000 800.000000 800.1282732
Xy mm 780.0 743.313979 787.034954 770.000000 790.000000 789.0923943
Xy mm 835.0 814.142029 833.909455 820.000000 830.000000 834.838424
X5 mm 770.0 756.434513 772.349435 790.000000 780.000000 780.002092
Xg mm 16.5 16.983723 16.203495 16.000000 16.000000 16.390923
X, mm 16.0 16.829142 16.043803 16.500000 16.000000 15.989044
Xg mm 156.5 16.020913 15.390394 16.000000 15.500000 15.432091
Xy mm 17.0 17.329843 17.039439 16.500000 16.500000 17.139433
X0 mm 14.5 15.001923 14.324335 15.000000 15.000000 14.780908
N mm 13.5 14.192834 14.240495 14.000000 13.500000 13.550214
Xy mm 14.5 15.123051 15.403945 14.500000 14.500000 14.500130
EN mm 17.0 16.902832 16.849387 16.500000 17.000000 17.010902
Xy mm 14.0 14.784034 14.739454 15.500000 14.500000 14.309324
X5 mm 14.0 15.129430 14.448504 15.500000 14.500000 14.588917
X6 mm 14.5 14.824045 14.940584 15.000000 15.000000 14.789992
Iteration No - - 8 912 93 64 70
CPU Time sec - 2.90 293.28 272.91 265.06 267.92

* Adjustment (e.g. rounding a figure) is necessary to use optimum values for plate thickness and stiffener space in the aspect of considering productivity.
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