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

Problem definition Optimization procedure
Q Objective | |
o Minimization of ship building cost Given: DWT, 'CV’G‘?’ v,T.n
Q Input(“Given”) — T -
*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

CeyLy-B-D-Cpp 2 CV,

req
Requ\rements for speed and power

P/@2m)=p-n*-D,’ K, R./(1-t)=p-n*-D,* K,
4l 2K+ (14Z3+O43Z)~R,/(1—t)
Dy (p,+p-g-h=p,) ® Optimization problem having

Requirement for freeboard Requirement for initial ship s\abilit!
2 2
D>T+ Freeboard ~ 0.04B<GM <47°(0.4B) [(gTr?)
Requirement 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. Lee, S Cho, ML Ron, *AnEficint GobaldocalHybrd Optimizatin Hethod Using Design sensiiity Analysi”, nterationat Jouralof Vebile Design(SCIE/I:0.457), Vol. 28, No. 4, pp-300-317, 2002
“ K.Y. Lee, M.I. Roh, “A Hybrid Optimization Method for Multidisciplinary Ship Design", Journal of Ship Technology Research, Vol. 47, No. 4, pp.181-185, 5

7 unknowns, 3 equality constraints,
and 6 inequality constraints

[ K.Y, Lee, M.I. 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

353368, 2001

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

Find  L.5.D.C, D, 4,0 4, System Level

Minimize  Building Cost ’fi'hem | Gbfectve Fancion] “  Target Variables
Sabit o coden st anio o] T Systom Lovel “ : Dummy Varizbles widoms
L Er(, par P L',B", D", C', Vs DMCR" F LB, c,,V,Dwm
D," K, erll t)=p-n*-D," K.
‘[Aswnlek,(l TV FyY
5 v . . o 5 -Cs. OR| o
e ooty EDLG |, et orcr, (Common Object Request Broker Architecture)
St.811= 0,81, <00/ = 2,343 _._Discipline Level3 <0 TvOODEY T OQO0EY TvOODEY
: sinr-wrpwwy | e volo,
" 5 -C ) ( g=V-V UNIX Windows UNIX
=SB CyY)
DMCR—f iy vt i
P=7(DMCR)
;  [PT@ny; oplimiaton proces ——re —re —Fa
o ooy ) Mo
0128 Level 1 Level 2 Level 3
P FormUIat'on for collaborative optimization K’ “T.V: Target variables from system level which are shared
B 10.08(¢ in a distributed environment among discipline levels

wpehp)y

D.F.V: Disciptinary function values which correspond to
objective function value of each discipline level

Manual Standard, single opf Collaborative|
7-1.8% TSI METCL MY

cost reduction
$ 60,949,431 535,000,5i0 59,863,587 59,831,834 59,831,688

(100.0%) (98.3%) (98.2%) (98.2%) (98.2%)

| Application to an actual problem of shipyard |

+ 160,000ton bulk carrier

« Cargo hold capacity: 179,000m?
+ Ship speed: 13.5knots

+ Design draft: 17.2m

« Propeller RPM: 77.9rpm

64,500,000

Building cost

e Applicable to m 266.00 265.18 264.71 263.69 263.70
4000007 Convergence history  naval surface
B 45.00 45.00 45.00 45.00 45.00
ceswo0y | of objective function value ship m
3 sa000000 =~ Colaborative optmization (for best one) b m 24.40 24.54 24.68 24.84 24.83
= 62500000 ] - Multi-start method (for best one)
§ Genetio algorithm Cg - 0.8276 0.8469 0.8463 0.8420 0.8418
S saomom 7\ —x— Hybrid optimization method
£ oo D m 83000 8.3928 8.4305 8.3999 8.3960
8 61000000 ] P; m 5.8200 5.8221 5.7448 5.7365 5.7411
8 | e
© cos00000 4 “"*\ A/Ao - 0.3890 0.3724 0.3606 0.3690 0.3692
60000000 ] |-
© B - CPU time*  sec B 209.58 198.60 187.22 149.75
' o b % 3 4 s e 70 & w (140%) (133%) (125%) (base)
Generation(lteration) Number 6
* 1: Multi-start local optimization (50 random starting ints), 2: Genetic algorithm (50 random starting points), 3: HYBRID: Hybrid optimization method, 4: Tested on the Intel Pentium Il 866MHz, 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 x
oMinimization of fuel consumption * X - |
and hull structure weight
Q Input(“Given”)
o Displacement (A)
«Ship speed (V)

Optimization procedure

Given: Displacement, V |

v
Variation of main dimensions
L,B,D, T, Cy Py, A/Ag, N
v

oPropeller diameter (Dp) Estimation of light weight
Q Output(“Find”) Estimation of variable load
«Optimal main dimensions of ship Estimation of speed and power Optimization algorithm
Find L,B,D,T,Cp, P, A, | Ayn Estimation of freeboard “EzOptimizer”
Minimize  Fuel Consumption and Objective F ions| k2
. . Mathematical Criteria for optimum Optimum? No
Minimize  Hull Structure Weight formulation Minimization of fuel consumption P
Subject to  Equilibrium condition of and weight Constraints and hull structure weight
A=L-B-T-Cy-p-(1+a)=DWT +LWT lOptimum?Yes
Requirement for the required displacement | Finish
8,900 < A £9,100[ton]
Requirements for speed and power
s
P/2m)=p-n*-D,’ K, R./(1-t)=p-n*-D,* K,
1.3+0.32)-R, /(1-¢
11 4,2 K+ U300 R 00
Dy (p,+p-g-h=p) =» Optimization problem having

Requirement for freeboard
D >T + Freeboard
Miscellaneous design requirements

['<L<I' B'<B<B' D'<D<D" C,'<C,<C,"

8 unknowns, 3 equality constraints,
and 7 inequality constraints

<

0.98(L/ B) o < L/ BE1.02L/ B) 1

[ K.Y. Lee, S.H. Cho, M.I. Roh, “An Efficient Global-Local Hybrid Optimization Method Using Design Sensitivity Analysis”, International Journal of Vehicle Desvgn(SC\E/IF :0.457), Vol. 28, No. 4, pp.300-317, 2002

 K.Y. Lee, M.I. Roh, “A Hybrid Optimization Method for Multidisciplinary Ship Design”, Journal of Ship Technology Research, Vol. 47, No. 4, pp.181-185, 200¢ 7
- K.Y, Lee, M.I. Roh, Seonho Cho, Design Optimization of Mechanical Systems Using Collaborative_ \pproach”_ International Je umal of Vehicle Design(SCIE/IF:0.457), Vol. 25, No. 4, pp.353-368. 2001

Optimal Dimension Design for Ship
- Determination of OE mal Dimensions of Naval ShiE (2/2)

B
0.5~1.2%

« Displacement: about 9,000ton PR d :
« Ship speed: 20knots ob.jeCtIVe _ 3,760.35 reduction 3,723.80 3,715.80
function value (100.0%) (99.5%) (99.0%) (98.8%)

Given: Displacement, V'
[_ovem optocenerc v Fuel

| Application to an actual problem |
+ US Navy DDG-51 missile destroyer

kg/h 3,589 3,584 3,556 3,551
Variation of main di consumption 9 (100.0%) (99.9%) (99.1%) (98.9%)
GLER BG D Hull structure ton 3,931 3,897 3,891 3,880
T T weight (100.0%)  (99.1%)  (99.0%)  (98.7%)
Emine o ] ] L m 15737 15702 15674 15651
stimation of speed and power Optimization algorithm
Estimation of freeboard “EzOptimizer” B m 19.99 19.98 19.82 19.82
e B D m 1270 1269 1273 1284
imi; of fuel
i T = 5.61 5.62 5.67 5.80
dLs :pﬁm“mg]":ﬁ Multi-objective
optimization G m 0510 0506 0506 0508
P; m 9.02 9.51 9.33 9.05
2040 oWy =1Lw,=0
- Ag/Aq = 0.80 0.65 0.65 0.65
w, > w i
3020 LI Pareto optimal set n rpm 97.11 9349 9453 9351
~ by weighting method
e oo ~05 D's"'at‘e"‘e“ ton 9,074 9,048 9,004 9,001
E o0 < saeced optimum 20163 19128  193.22
o o - _ . . b
5 Gt | e (140%)  (133%)  (base)
5 8000 *w;=w, =0.5
=2 . J
3640 w,=0,w, =1
o Minimize
' [ =w,f,(Fuel Consumption)+w, f,(Hull StructureWeight)
3,800
3500 3520 3540 3560 3580 3600

Fuel Consumption ( f,) 8
orithm (50 rande H A H
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Optimal Dimension Design for Ship
Determination of Optimal Dimensions of Hatch Cover (1/2)

Problem definition

Hatch cover 3

Q Objective

hatch cover
Q Input(“Given”)

o Total number of girders and
transverse web frames

0 Output(“Find”)
«Optimal dimensions of hatch

o Minimization of the weight of

o Length, width, height of hatch cover

cover

cia; b

Plan view

3D CAD model of hatch cover

Idealized model

Find

t ,t,b,a,d, N

polse

Subject to

Tt‘, N: Number of stiffeners |
Minimize Weight=p,-L-W-t, /10°
+p,-L-{(2a-(cos@) " +b+c)-N+c}-t, /10°[ton]

Requirement for maximum permissible stress by CSR(Common Structural Rulos)

o, <0.8R,, Mathematical formulation

Given: L, W, H, Ngirger New.s

| Optimization

L 2

procedure

Design Variables ‘

Variation of dimensions

H

Objective Function

t, t, b, a,d, N
v

by CSR

Generation of FE model
Calculation of stress and
deflection through FE analysis
Calculation of weight

Optimization algorithm
“EzOptimizer”

k2

» Optimization problem having

Criteria for optimum
Minimization of the weight

Optimum? No

l Optimum? Yes

for permissible
5<0.00561,
Requirements for minimum plate and stiffener thickness by CSR
lp,mm =‘p [.x,mm S
Limitations on geometry
2[(;1”; bsw 6 unknowns and
0°<6<90

7 inequality constraints [

Finish

Optimal Dimension Design for Ship

- Determination of OE mal Dimensions of Hatch Cover 2/2)
.
B/A

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

* Lbp/B/D: 283.5/45.0/24.7m b B7E0
- Ts: 18.2m ts mm 8 8 100.0%
' = et b mm 170 160 94.1%
. a mm 120 11 92.5%

d mm 220 198 90.0%

] I N - 3 3 100.0%

Weight  ton 32.360 28.410 87.8%

cma, MPa 218 cguction 252 115.6%

| Bmax 5.532 6.388 115.5%

After ootimizats 8]

Steel Steel AH32 AH32 AH32

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

Before optimization Q After optimization

Material GFRP'  GFRP  CFRP?
. . AH32)  (AH32) +GFRP  +GFRP  +CFRP
Economic evaluation (
450,000 3% Fabrication Weldi Weldi Hand v v Hand v v
:i_*/_mghln’sleelha(:hcuv“er method elding ‘elding lay up acuum acuum lay up acuum acuum
s 0 Weight 0 3236 28.41 2077 21.09 960 27.93 2820 21.85
350,000 S ®  (100.0) (87.8)  (64.2) (65.2) (29.7) (86.3) (87.1)  (67.5)
»
n : ) s 24,653 21,644 89,109 90,438 406,102 56,360 57,530 167,360
=00 = Material cost g) 460 0) (87.8)  (361.5) (366.8) (1,647.3) (228.6) (233.4) (678.9)
8 250,000 w3y
= = e S 419,871 368,620 269,491 273,643 124,560 362,392 365,895 283,504
£ w00 52 (for25years)
= z R
150,000 CO; emissions ., 14 088 14,124 10,326 10,485 4,773 13,885 14,020 10,863
| \ 10 (for 25 years)
100,000 - 5. \ / 3
/ A . (fgrozzscfj;s) § 402,194 353,101 258,145 262,122 119,316 347,135 350,491 271,568
B Material cost of steel hatch cover
----------- Totalcost s 846,718 743,365 616,745 626,203 649,978 765,887 773,916 722,432
4 y (for 25 years) (%  (100.0)  (87.8) (72.8) (74.0) (76.8) (90.5  (91.4)  (85.3)

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

10
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Optimal Dimension Design for Offshore Plant
- Weight Estimation Model Using the Optimization Method

Past records for Parameters for - -
offshore plants optimization > Genetic programming >

EEEE T

L, B, D, T, H.LWT, DWT, S.C, ORGP,
W_P, Crew

Parameters for terminal set

Function Set
Evaluate Fitness

Dara acquisition +, - %, *, sin, cos, exp, V. of Each Individual
from the literature Parameters for function set in Populaton

iy

Individuals = M? [<
Items Independent Population size 100
Parameters
300 reproduction

No
Max generation

Weight Estimation Model
Using the Genetic Programming Method

D @@

Termination
Criterion
Satisfied?

Configuration of the program

Select Genetic
Operation

mutation

Principal LB DT
dimensions H_LWT, DWT Reproduction rate 005 I Probabiisticaly |
Capacity SC, O, GP, WP Crossover probability 085 f::;‘dg:é f::;‘dm f::;‘dg:é
Miscellaneous CREW Mutation probability 010 Based on Fitness Based on Fitness Based on Fitness
Extraction of Parameters for
initial variables genetic programming 7 : . Best fitness: 215.3686 found at generation 299
Topy nto view nsert Two Insert Mutation
‘;"‘,‘_, New poplation Population 0n Convergence history
,_‘_\xmmaw; ,d—\mwm e £ of optimization
idide 1 inividas 2 i 1 G gl e
Flowchart of genetic programming 5 I
% W w20 2%
Generation of model Verification of the Senartion
for weight estimation model
7 e bl oo Now, this model can
_ . . . . . 1 USAN 27,700 27,672 0.999 y I
s paes.c- [ sty G smo mbGied o e
~cos(L-WP-(H _ —3. T (izom| 24,400 24,383 0.999 : s :
12533 -cos(exp(sin(S_C)))+0.5007-B-T + ? Greater Plutonio 24,000 24,063 1.023 we'ght estimation of
- i Pazflor 37,000 36,918 0.998 a new offshore plant.
6738-0_P-G_P+ } cLov 36,300 36,318 1.001
0.5007-D-sin(H _ LWT)-I* ~30033 b Agoami Eae] L) /s
o Skarv-ldun 16,100 16,093 1.000 1
=2~ Mean - - 1.001

8.2 Determination of Optimal Principal
Dimensions of Propeller

Generals
Mathematical Formulation and Its Solution
Example

Eall 2016, Myung-Il Roh I“dlﬂb 12
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Generals

opics in Ship Design i Fall 2016, Myung:| 1l Roh

I!dlﬂb 13

Example of a Propeller

@ 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 Eall 2016, Myvung:| 1l Roh

l“dlﬂb 1
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Concept of the Determination of Principal Dimensions of
a Propeller

bt

[ Wheel design|to draw|the carriage with cargo| by one horse [forjmaximum speedl

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

opics in Ship Design jon, Fall 2016, Myung:Il Roh ’!dlnb 15

Propeller Components

TRAILING EDGE \

DIRECTICN OF ROTATION

LEADING EDGE

FILLET AREA
. /"‘
HUB
SHAFT
CAP
BACK
FACE
onics in Ship Design ion, Fall 2016, Myung:ll Roh ’“dlnb 16
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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 (Ky),
Propeller Efficiency (n,) for Advance Ratio (J)

Uniform flow (V,)

opics in Ship Design

I!dlﬂb 17

i Fall 2016, Myung:| 1l Roh

Main Non-dimensional Coefficients of Propeller

From dimensional analysis:

T
(D Thrust coefficient: ———= K,
p-n Dy y: Ship Speed [m/s]
: Wake fraction
(@ Torque coefficient: 0 == KQ w
Y2 n2 .DP T : Thrust of the propeller [kN]
Q: Torque absorbed by propeller [kN-m]
. . v
@ Advance ratio: J= AD 7: Number of Revolutions [1/s]
n .
P DP: Propeller Diameter [m]
vy=v(1-w) P Propeller Pitch [m]
J K V,: Speed of Advance [m/s]
@ Propeller efficiency: 7 = - . r
(in open water) 27 KQ

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

ydlab

opics in Ship Design i Eall 2016, Myvung:| 1l Roh
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POW Propeller Model

‘-llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll...
*

*
Actual Propeller Model Propeller

‘0

sENEEEEEEEEEEEEEEENEEEN,,
“spssssssnsnsEmnnnnnnnt®

* A
* *
...l..ll. FEEEEEEEE N EEE NN NN NN NN NN NN EEEEENEEEEEEEEEEEEER *
T
=K
pnz'D; T
—2___x, Same non-dimensional
2D’ . s
o coefficient
J=a
"D, (K, .Ky.)
v,=v-(I-w)

I!dl‘lb 19

opics in Ship Design i Fall 2016, Myung:| 1l Roh

Propeller Open Water (POW) Curve

= Values of K,,K, and 7, at different pitch ratio (£,/D,)

03
K Q
10K, 7, K =——

7o i3] e -
05 \Jét\\\ :\\ \ J Va
e s \ \ n-Dp

= NN \ J K
| AL AN S :\\\ i \ Uo::‘i;;"‘JL
ESTESINSURYEN :

ol

"y

s

= ~

~ ~ ~ ~
~ ~ ~ ~
~ -~ ~ -

oG =
ae o1 02 03 04 05 D6 07 08 08 W U ? 18 @ 15 8

opics in Ship Design

ion, Fall 2016, Myung:| 1l Roh

2017-06-17
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Forces Acting on Propeller

L: Lift force
D: Drag force
T: Thrust

L Q: Torque

Va

Vt = ©(RPM/60)-D

T-Vp

Propeller Open Water Efficiency = 2n(RPM/60)-Q
T .

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dw lnnn bm 21

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

speed drop in water A
Streamline E Pressure |/
|
_—Cavity (bubbles) V.
B apor
— pressy_r_e_|

7 ~ |

. Face
Streamline

“G“ b »
opics in Ship Design i Eall 2016, _Myung:ll Roh ’ n

2017-06-17
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ics in Ship Design

Mathematical Formulation and Its
Solution

opics in Ship Design i Fall 2016, Myung:| 1l Roh

I!dlﬂb 23

Governing Equations for the Determination of Principal

Dimensions of a Propeller (1/3)

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

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

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

Torque delivered by the
main engine

Torque absorbed
by the propeller

i Eall 2016, Myvung:| 1l Roh

ydlab =

2017-06-17
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Governing Equations for the Determination of Principal
Dimensions of a Propeller (2/3)

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

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

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

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

‘R :
Lo’ DKy i (2)
i1—t¢ ;
The thrust which is required to propel — | The thrust which is produced
the ship for the given speed - by the propeller
opics in Ship Design i Fall 2016, Myung:| 1l Roh ’!dlﬂl l.“.n bn 25

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

Given |z Pycg [kW] nycp [1s] 5 R(v) [kN] \ /V

drafi| " j 3 i

= 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

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

Sl

S~

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

O Formula given by Keller

(1.3+032)-T b sh .

: . : Shaft Immersion Depth [m

A, 14, 2K+ 3 " pth [m]

P (po +pgh — pv) h: Shaft Center Height (height from the baseline) [m]
. . T: P ller Thrust [kN

or @ Formula given by Burrill ropeller Thrust [kN]

Ayl Ay > F-(n, (1) TV I[{1 +4.826(1/ )} -(1.067-0.229 - P/ D,)]

Spavigs
Tr '-.B LY 4 o

- 287.4(10fl8+h) :

|BP =n-P" 1"/215 v, = v~(1—w)[kn0ts]| P = DHP 11, HP]

n[rpm]

26

2017-06-17
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Determination of the Propeller Principal Dimensions for

Maximum 7, (1/6)

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

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

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

P 2 5
%:p.n .DP .KQ

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

IRthp.nz.DP“.KT

By Using Optimization Method

4 Unknowns

2 Equality constraints
1 Inequality constraint

{1

Nonlinear indeterminate equation I

S
Objective Function: Maximum 7,
J K,
770 = —

27 KQ

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

(1.3+03z).7

A Ay > K +

D, (py +peh” - p,)

Propeller diameter(D,), pitch(P;), expanded
blade area ratio(A:/Ay) , and ship speed are
determined to maximize the objective function
by iteration.

27

Maximum 7, (2/6)

Determination of the Propeller Principal Dimensions for

Calculation ;B_y_Hand

1 || Assume the Expanded Area Ratio (4, / A4,).

v that of the basis ship.

2 || Assume the ship speed v.

v

3 " Express the condition 1 as KQ = CIJS.

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

A, Disc area (mD;?/4)
A : Expanded propeller area

Condition 1: L=p-n2~DP5-KQ, P 1 P nJ 5
27n Ky = 3. s E
2rn’p D, 2mnip v,
J v, N n 1 )
= Ty _ P-n 5 _ 5 P
I’l'DP VA DP _zﬂ_pvi'] _C1J > [ 1_271'ij]
v K,=CJ’
opics in Ship Design Fall 2016, Myung:Il Roh ’“dlnb 28

2017-06-17
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Determination of the Propeller Principal Dimensions for

Maximum 7, (3/6)

Calculation E_S.\‘_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;, Ko;) between the K, = c; - 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 Ky and ny, at J;.

No,1

Ka1 at (

P:/Dp)

Repeat this procedure by varying P,/Dp J 1, Ky K,
pitch/diameter ratio @D, | 4, ot Ko | K
K : (P,/Dp), J o2 K, Kg:
ol iKq @ | I | s | Kn | Ke

K -Kq-J curve of H

the B-series propeller 5
Tl e —— 0=6 J7E .
' : Mo Mo2 Ky=¢-J

Kaz

P,/Dp);

at (P;/Dp),

~
=

2

J; J

opics in Ship Design i Fall 2016, _Mvung:Il Roh
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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, Ko, n, (varied with pitch ratio),
determine J, to maximize n, and pitch/diameter ratio (P;/D,), at J,
ﬁT P./D, J o K | K
112 Intermediate values are (P/Dp) |y Mo Kn | Ko
n determined by @) | | me | Kn | Ko
0,max interpolation. @ | L | e | Kn | Ke
@y | g | s | Kn | Ke
To,2
770,01
_ 5
\ KQ o
Karat (P/Dp), Ka3 at (P,/Dp),
Kaz at (P,/Dp),
v Kr.x at (P/Pp),
J J; J
opics in Ship Design i Eall 2016, Myvung:Il Roh ’!dw lunn b“ 3
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Determination of the Propeller Principal Dimensions for
Maximum 7, (5/6) Calculation By Hand
Go to
5 " Calculate Dy, by using J, at step 5. | 1 | Assume another expanded
Go to area ratio (4,/4,).
| 2 " Assume another speed v. | 2
J=—4_ =D, ="
n-D, P,
¥ No!!
6 " Do the values of Dp, and Ky, satisfy the condition 2?
o RT 2 4
Check the condition 2: 0 =p-n*-D, *-K,
_; . .
W Yes!! Nol!
Does the expanded area ratio (A, / 4,) satisfy the condition 3?
(13+03z)-T
Check the condition 3: A,/ A4, 2 K +— -
WV Yes!! by -(p0+pgh —p‘,)
STOP
opics in Ship Design i Fall 2016, _Mvung:Il Roh ’!dmluan bm 3l

Determination of the Propeller Principal Dimensions for
Maximum 7, (6/6): Summary Calculation By Hand

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

; | 2 | Assume the speed v. Cond1t10n1 ................ ._
- P E
N P —=p n2 .DP5 KQ :
3 || Express the condition 1 as KQ = CIJS. P 2m :
15t Loop

27 Loop 4 | By using the set of Ky, Kq, o é(varied with pitch ratio):

determine J, to maximize n, and pitch ratio (P;/Dp), at J,

5 . _ Vs
3rd Loop Calculate Dy, by using J, at step 4: J, = D

P.x

b | 6 || Do Dp, and Ky, satisfy condition 2?

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

32
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Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (1/5)

Given P, A,/ A,V

Find  J,P/D,
J K,

Maximize Np =——*—— — Because k; and K, are a function of J and
2z KQ P/D,, the objective is also a function of J and
P/D,.
. P 2 S ’
Subject to Ey- =p-n Dy -K,

: The propeller absorbs the torque delivered by Diesel Engine

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’]JI /DP) P;: Propeller pitch, m '
A:/Ao: Expanded area ratio
KQ = f(J,B /DP) V: Ship speed, m/s
no: Propeller efficiency (in open water)

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

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm 33

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
engine

The constraint (a) is reformulated as follows:

Ko __Pn”
J 2mpv)
G(J,P,./Dp)zKQ_C.JSZ() ..... (a")

Propeller efficiency in open water 7, is as follows.

FUBIDY =LK

2 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
propeller efficiency in open water satisfying the constraint (a’).

opics in Ship Design i Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 3
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Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (3/5)

G(J,P/Dy)=K,~C-J =0 - @)
J K

F(J,BIDy)=my=7—-—5 e (b)
2z Kg

Introduce the Lagrange multiplier 2 to the equation (a’) and (b).
H(J,P/D,,A)=F(J,P/D,)+AG(J,P/D,) ©)

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

oK oK
()K= () K} oK
OH _ L(ﬁﬁ_i aJ aJ +A(=L)=5.C- T =0---(1)
o 2z K, 2« KQ oJ
oK, oK,
Ko —(—2 ).k
oH :i{(ae/Dp) ¢ (8E/DP) TJ+/1( oK, V=0 - @)
RID,) 27 K, P,/ D,
OH
a:KQ_C.J5:() .......... 3)
opics in Ship Design it Fall 2016, Myung:| ILRoh ’!dlill ll“ﬂ bﬂ 35

Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (4/5)

Eliminate 4 in the equation (1), (2), and (3), and rearrange as follows.

a T
(8(P/DP)){J( )—4K:}

K sk g (Key g
+(a(R_/DP)){5KQ J (a] );=0 “
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.

V(1-w)

By definition J = , if we have J, we can find D,. Then P, is obtained from P/D,.

n-Lp

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

opics in Ship Design i Eall 2016, Myvung:| 1l Roh ’ !dwlunnb“ 36
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Determination of the Optimal Principal Dimensions of a
Propeller by Using the Lagrange Multiplier (5/5)

= Programming by using the Matlab L—>x,B—>x,C, >x,

= Define the symbolic variable: 7 variables

=Input the constant value.

oH
. (D)
oH

o (2)

OH /ox, ..(3)
OH /04, ..(4)
OH /04, ..(5)
OH | du ...(6)
OH /0s ..(7)

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

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ gdm ln‘n bm 37

Example

ydlab s
‘opics in Ship Design is Eall 2016, Myvung:Il Roh ’ ‘
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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)

§Nﬂﬁﬁhw
b
B Output (Find)
® P;: Propeller pitch
® A /A.: Expanded area ratio

i
e
A

I \
on: Prc?peller RPS (Revolution Per Second) \\\“\\\\\\\\\\\\\i
® V: Ship speed Y\

* 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”,
Journal of Ship Technology Research, Vol. 48, No. 4, pp.161-170, 2001

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dm ln“n bm 3

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
main engine

ﬁzp'nz-D,f‘KT

1-¢ : The condition that the propeller should produce the required thrust
at a given ship's speed

A4 2K+ 2(1.3+0.SZ)-Th
D, -(p,+p-g-h—p,)

: The condition about the required minimum expanded area ratio
for non-cavitating criterion

=M,KT = f(J,PID,, 4,1 A,,7),
n-D,

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

Where J

1 inequality constraint 40

2017-06-17
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Determination of Optimal Principal Dimensions of a Propeller
- Optimization Result

Optimization results according to optimization methods |
Unit | DDG-51 MFD MS GA HYBRI,D HYBRIP
w/o Refine | with Refine
Pi m 8.90 9.02 9.38 9.04 9.06 9.06
Ag/A, - 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
lteration | . 5 267 89 59 63
No
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

* Test system: Pentium 3 866MHz, 512MB RAM
I!dlﬂb 41

opics in Ship Design i Fall 2016, _Mvung:Il Roh

8.3 Determination of Optimal Principal
Dimensions of Ship

Generals

Design Equations

Mathematical Formulation and Its Solution

Example for the Determination of Optimal Principal Dimensions of a
Bulk Carrier

Example for the Determination of Optimal Principal Dimensions of a
Naval Ship

ydlab -

opics in Ship Design i Eall 2016, Myvung:Il Roh
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Generals

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm o

Principal Dimensions (1/2)

Loa
] F‘?I & | i
WL | I g ,Vi N W.L.
wu-m: K4 . ot e -§.\ 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]
H 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
H Intermediate one among (0.96 Lwl at Ts, 0.97 Lwl at Ts, Lbp at Ts)

“G" B
opics in Ship Design i Eall 2016, _Myung:ll Roh ’ n
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Principal Dimensions (2/2)

= B (Breadth) [m]: Maximum breadth of the ship, measured
amidships
- Brotgea: €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

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

ydeg

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

\ ¢

e [ ABI
Breadth

L ueig

= 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 2016, _Mvung:Il Roh ’ !dmlnﬁnbm s

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.

%} Lig?)tweéght (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 dlnb
l“ %

opics in Ship Design i Eall 2016, Myvung:Il Roh
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Hull Form Coefficients (1/2)

under water e

il form, S m  C; (Block Coefficient)
/// - = Displacement / (L x B x T x Density)
% where, density of sea water = 1.025 [Mg/m?]
. - g /
} ~ //
\' L/ /
L
b 5 ]

Ay Maximum transverse

underwater are3 — = C,, (Midship Section Coefficient)
under water ) - s = AM / (B X T)
hull f()r\m 1! I i,‘, /'/I . . N
ol e i/~ = Cp (Prismatic Coefficient)
5 4 = Displacement / (A, x L x Density)
v/
B /'/
T /
/
R A

I!dlﬂb a7

opics in Ship Design i Fall 2016, _Mvung:Il Roh

Hull Form Coefficients (2/2)

Ayp: Area of
the water plane

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

“underwater
hull form

ydlab

opics in Ship Design i Eall 2016, Myvung:Il 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 2016, Myung:| 1l Roh ’ !dmlnﬁnbm 40

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

ydlab «
‘opics in Ship Design is Eall 2016, Myvung:| 1L Roh. ’ n
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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 2016, Myung:| 1l Roh ’ !dmlnﬁnbm s

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)

opics in Ship Design i Eall 2016, Myvung:| 1l Roh ’ !dwlunnb“ 52
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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 2016, _Mvung:Il Roh ’ !dmlnﬁnbm =

Density of steel

. . . = 7.85 ton/m3
Basic Requirements of a Ship ouaE
Wood
| 10 ton
(1) Ship should float and be stable in sea water. __| m D [
» Weight of the ship is equal to the buoyancy* al 10 ton
....................... 1.025 ton/m?3

in static equilibrium. :

(2) Ship should transport cargoes. : Ship compartment design :

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

. o

» Shape: It should be made to keep low resistance (ex. streamlined shape).

» Propulsion equipment: Diesel engine, Helical propeller
®» Steering equipment: Steering gear, Rudder ﬁ y

(4) Ship should be strong enough in all her life. h
‘ It iS made of the welded structure Of R L CIR LI L LLLILILN
steel plate (about 10~30mm thickness) i Ship structural mechanics,

and stiffeners. A RIS NRERL S ENGR ;

* 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 Eall 2016, Myvung:Il Roh ’ !dwlunnb“ 3
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Basic Functions of a Ship

M Floating in the water
B Static equilibrium

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 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.

B A ship has less motion for being comfortable and safe of passengers

and cargo.
B Maneuvering equipment: Rudder
opics in Ship Design i Fall 2016, Myung:| 1l Roh ’ dl“b 2

Criteria for the Size of a Ship

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

B 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.O.: Fuel Oil, D.O.: Diesel Oil, LO.: Lubricating Oil, FW.: Fresh Water dlﬂb
) l“ 56
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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 w 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 58
i

2017-06-17
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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: l;?ock coefficient
H : Density of t
=W =LWT +DWT - twr: Lghoweight

DWT: Deadweight

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

.......

Ship

Yenn

.
--------

Water

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm 5

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

ydlab «
‘opics in Ship Design is Eall 2016, Myvung:Il Roh ’ n
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What is a “"Compartment”?

M Compartment
B Space to load cargos in the ship
B |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
B 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 61

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

opics in Ship Design i Eall 2016, _Myung:ll Roh
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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
B Like internal organs or blood vessels of human

Pipe model of the VLCC

M Outfitting design

B Design task that determines the types,
numbers, and specifications of outfitting

opics in Ship Design i Fall 2016, _Mvung:Il Roh

Design Equations
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(1) Owner’s Requirements

opics in Ship Design i Fall 2016, _Mvung:Il Roh ’ !dmlnﬁnbm 3

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

ydlab «
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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 2016, Myung:| 1l Roh ’ !dmlnﬁnbm 7

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.
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(2) Design Constraints
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Design Constraints

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

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

2) Economical constraints

- Owner’s requirements
Ship’s type, Deadweight (DWT) [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 Marine Pollution from Ships [MARPOL],
International Convention on Load Lines [ICLL],
Rules and Regulations of Classification Societies
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(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:

FB =W ..(1)
W =LWIT+DWT

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

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

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 (A).
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(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? .
=4 S =4
f =

B

s 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
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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 all