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l6. Mot op =x(1)
=) Ol A

-

(O EHP (Effective Horse Power)
EHP=R,.(v)-v (InCalm Water)
2 DHP (Delivered Horse Power)

DHPz—EHP (7, FEEE)
o
@ BHP (Brake Horse Power)
DHP
BHP =—— (n,: Z82 88)
Tr
@ NCR (Normal Continuous Rating)
Maroi
NCR = BHP(1+ 222 Margine,

100
(5 DMCR (Derated Maximum
Continuous Rating)
MCR - NCR
ngme Margin

(k) SD“A7£ v
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Va

Vt = n(RPM/60)*D

T*Va
Propeller Open Water Efficiency = 21*(RPM/60)*Q
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Given Find
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A, 14, - B2HH )i HAH|
R, (v) : Muto] ()l M2 N

z Ooamp Gy & |4

‘gz‘ % SUA/ 3 14/27
&LJ&

Iyl dShpD gAtmat n Lab.

Computer Aided Ship Design 2008 - PART lll: Optimization Methods NAOE/SNU itp tiasdal



|ozma s 45 30

v (Propeller Open Water Curve - POW curve)

W

« @Y DEma ) MO $ 10| HEHOR s
n O2WY XM= A| =2H(Thrust), EI(Torque), QX5 &
AC = XXSH
T N el —|
Uniform flow o)
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v (Propeller Open Water Curve - POW curve)
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o1,U,V

- 01 ZIHE $AOF HY

(MZIdl, mXldl, 21 SH&H], 22 &)

(J)'(B/Dp) (41 4,) 2"

K, \\/ K,
C S A u % C S A u %
S (D) (PIDp) | (A 14,) |(2)| """ (J) | (P/Dp) | (4,1 4,) |(z)
+0.00880496 | 0 0 0 0 | +0.00379368 | O 0 0 0
-0.204554 1 0 0 0 | +0.00886523 | 2 0 0 0
+0.166351 0 1 0 0 -0.032241 1 1 0 0
+0.158114 0 2 0 0 | +0.00344778 | O 2 0 0
-0.147581 2 0 1 0 -0.0408811 0 1 1 0
-0.481497 0 1 1 0 -0.108009 1 1 1 0
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Given | P[kW], n[1/s], RAv)[kN], z

Find Dp[m] ,P;[m], A/A, , v[m/s]

E---}-)-.-g |.-------2 ------ ; ------- §
i—=pon-D-K,:
27m f o

CIZAXIOf o=3dJ1

ME0l Torque | = | &=0l= Torque

(&tﬁ

Nl

;,ii? @SDZA/ 3 21/27
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Given | P[kW], n[1/s], RAv)[kN], z

Find Dp[m] ,P;[m], A/A, , v[m/s]

- ZA42: D} 01 SH0IK 2701 F2AE LU} L0k oF= X

Ot O® &3 | | D2EY)}
LHDO| $10H = | LHOf Ol= ==
LQB X
g&& SDzA/E 22/27
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Given [ P[kW], n[1/s], RAv)[kN], :z \ v
) )
Find | D,[m],P,[m], A/4, , v[m/s] Y 3

@ KellerQ] X|AHXH| B4  K:8@F8=0.2, =& =0-0.1 )
Py-P, = 99.047 kKN/m2 at 15C Sea water
A4y > K 13+032) T v Z A% 20)
Dy .(po + pgh —Pv) h : Shaft Center height (height form base tine)

-
@ Burrill®] X]ATXH| Al

A /A, > F- (770/(1/J) )L +4. 826(1/J)*}-(1.067—0.229- P/ D)]

287, 4(1 0[1 3+ h) 523

B,=n-P* fvfls‘ v,=v-(1-w) ga&”‘.ug @SDZA/E 23/87
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- Ac/A,, Z, Py/D I FORE W, J°0f] st

H

EEERR

AR N =]

HIE

myil LH-% Thrust 0f] 245 3|1 O A1Al

TTEIPTI=ES

Ol= Torque

al
x

T
CIMARIQ| MESH Torque
: ) Z .
i —p-n’-D°-K,, J=—14 P Kp=2.Cund (R/D) (4,1 4,) -z
27m ¢’ n-D /
: / Kq ]
. 4
: KQ: P.nz :C E Co o ifle ) t (Ag/ ’
T 2mpev : /| (D (PID] 45| (2)
4 /ﬂ]naanaaﬁ 0 0 0 0
- -0.204554 1 0 0 0
: +0,166351 0 1 0 0
KQ =C.J \/ +0,1881 14 0 2 0 0
-0,147581 2 0 1 0
R ELEL.

C JS Z S,t,uv
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- M BEAO| 0HE +10l= L : Newton & Raphson &H

AR N =]

KQ (J) - KQ(design) (J) - KQ(series) (J) =0

->C T (BID,) (4,1 4,) 2 =0

N
N
i)

KQ(J) _ KQ(JI)

o J,—J,
Jl
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1—1
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l ZHAD (RT —pn®-D* K jou (HQlote! EHE 0l 2ol

7 (| =M mEYl (4, /4)7F 2F MINHNMHE BEOH=IR

(1.3+0.3z)-T
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(Question) DWT 7,400 ton/400TEU = MIO] ZH|0|HMO] =R £ X|+8 BHEOINL.

Given Data

= CJAAZ O} 3185
- MCR = 4,500PS , at 220rpm : ¥
- NCR = 85%MCR , at 208rpm : A2
- D=8 2|85 : 220rpm
-8 =(2): 4

___________________________________________________________________________________________________

= Model Test

= JIEl
- h (Shaft Center Height) : 2.35 [m]
- h* (R " HO) : 4.15 [m]
- 8% :6.5[m]

- Sea Margin = 15%

Ship Speed | M+= —t
vp[klt)s] E:’PT[?S] TIKN] | RKN] W t W |
12.5 1686 248 | 1925 | 0381 | 0.224 | 1.018 1.254
13.0 1965 278 | 216.0 | 0.380 | 0.223 | 1.022 1.253
13.5 2240 304 | 236.8 | 0379 | 0.221 | 1.024 1.254
14.0 2536 331 258.5 | 0.377 | 0.219 | 1.026 1.253 et

p 7o Advanced Ship Design Automation L{b.



rEE"é'Ei HH =X+ EF Ol

*Propeller &HIA : NCRO| O+, MCRO] 3| M=
NCR = 3825 [PS]
Nucg = 220/60 [1/5]

HRS 33/27
;@ﬂ?{} @ SUA’ }
Tyt Adva dShpD g A utomation Lab.

Computer Aided Ship Design 2008 - PART llI: Optimization Methods NAOE/SNU hetp/asdal s



H
HL

2 HH FX+ 2 oA

1 = = (4, /4 ) IH

l (4,/4)=055 2 IS

1 ERE

v=13.5[kis] 2 IHE
v=13.5[kts]=13.5x0.5144 = 6.945[m / 5]

Ship Speed | M4+= 1—¢

T [kN R [kN t =—
vikes] |enppsy| TN [kN] W W | T,
135 2240 304 236.8 0.379 0.221 1.024 1.254

# £0| HHE 2 UHX HISE MY 9Zios a1

_NCRSW) _3 852 x0.736x0.98x1.024 = 2.758 [kW]

« O O2HYE )| =02 *E MOIDZ MOIOIM ML= DS s
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O A =K% 23 ol

‘ I M8 K,=CJ A BHE H

v, =v(1-w)=6.945x(1-0.379) = 4.313

P-n® _2,758x(220/60)

=3.9551 ~K,=CJ =39551J°
2 pv’ 27x1.0x4.313°

4 | EZ2WY H=xds JUE 012010 0i2] M XIHI0IA
A B8 (ny) 2 W= I T MOl K, 8 7
Poswar = 2758000 W)  Fom = 220000 VYa = 4318 (mis)
A Ao = 05500 T =4
s |k, =CJ°
it e
LhN -
03 \@ >
= ~
o~ Lo
. ’2} /%‘ b i \-\ \'\\ Vol
AR I Y
S SN
%\j\ :&‘ v}'\\ g N
AN WS SpE e
NSNS ENN NN @m
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|

O [met 2 o =5
X AL Jd i p———
oDEmy A F2K4 2 Ol
o |[FI1EuE
P=2758(KW), n=220, v, =4.313(m/s), 10| ul
A./A,=0.55 z=4 v
A X
Powsr = 2758000 (KW) FRpm = 220000 Va = 438 () J 83
Ag_fo = 05500 z =4
14 I I I \ 4
3 KQ:C-JSM 7o It X I ElE
N\
- | J, /DY
‘ BEEEEEICEENR
10
09\\@\ K, :ch,t,u,v JS.(Pl/DP)t.(AE/AO) z'
I~ N
08 \ﬂ \\ .
07 [ 3%%57%7‘ P,/Dp J Mo K,
- \\ N 0.50 0.3105 0.4542 0.1049
ol >§K% \\ \ \ \ \ 0.60 0.3323 0.4711 0.1428
. :?:E ) \\ \{ \ \ \ 0.70 0.3535 0.4684 0.1818
e < "N Q \ \ 0.80 0.3737 0.4570 0.2215
| = ::L a: SN ,}s\ 0.90 0.3927 0.4418 0.2610
YRS SR ONOINGIENLD £ ““ﬁ\ 1.00 0.4105 0.4252 0.2999
o1 = S i N ~ SN
. TS ﬁkah 1.10 0.4271 0.4086 0.3378
on AR | 02 0.3 04 o4& o8 o7 08 0Aa 0 11 12 13 14




[

:Eﬂam =K% 2 I

5 | e aonns 72 08 o120h 0,8 7

"= D, = Ya_ _ 4.313 —3.5396[m]
n-J (220/60)x0.3323

6 || 7o D, kIt ZHALE BEOH=IR

R 236.8
Mt = XHT) ——= =304[kN
Ol 2F0= F/(Ty) = =17 [AN]
DT2UIIE Y = Y= FH(T,)
=p-n*-D," - K, =1.025%(220/60)* x3.5396" x 0.1428 = 308.8956[kN ]

(O 2 £52= JEE0 3-69] 1td Hi5g

DED
e?""

@hSD';lA/l3 37/27
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|mewa nx zexs 2% 0

k]
- - MIH BINH| (4,/4)70.552 [, T2HY =Q Q=
300
Ag/A, 0.55
- | v(Knot) 13.57
i = e w 0.3788
0 | T —————_ | v,(Knots) |  8.4289

g - - i J 0.3339

Y g -

2 o ——a o 0.4727
20 = D, (m) 3.5416
21 Pi/D; 0.60
20 T,(kN) | 308.1892
250 T (kN) | 307.6054
- : — 2 - | (T-Ty | 2% =0.5838

20 13.1 123 13.2 124 13.5 {13 = 15,7 ] 13,3 140

wiknast FLST

%ﬁ&% S D3 39/27
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\ 7 H M M| (4,/4)7t 27 MNHHHIE BS0t=IR

(1.3+0.32)-T

D, (p,+pgh" - p,)
(1.3+0.3x4)-308.1892

=0.2+ : =0.6363
3.5416” x(99.047 +1.025x9.81x4.15

M=2 &1 HHHIE JHE0H0] 2-79] 18 & H=s8

A, 1A, =2 K+

id
>
A

N &?q;_
2
®,
£

&’i
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O (e 2 ot =5
Z2Ey xx =214 2 Ol
A A HI HEHIA/AL)Ol AE
Result
D i f \ AgA, 0.65
0.7 v (Knots) 13.48
= W 0.3791
S v, (Knots) 8.3696
J 0.3329
o 0.4650
0.55 D, (m) 3.5278
Pi/D, 0.65
K, 0.1411
K, 0.0161
T, (kN) 301.1685
. . 0.4 T, (kN) 302.9741
. . v : (T, - Ty) -1.8056
0.4 0.55 * 07 Ag/Ag Ag/A, (Keller)|  0.6401

Lé"”!‘:?
'p @SﬁA/ 3 41/87
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Find PIkW], n[1/s]

- ZHA : WA LS EQTE

Given DP , Pi, v [m/s], RT(V) [kN]’ Zy AE/AO j 2J09] O X
™~

P 5 5
%:p n .DP KQ @
« ZZAD : W} OIE 20NN BRE Of= S
o=3dJt Uiof ol= =4 Hlﬂg thg&l _E_I-"
e =p-n’ 'DP4 K
1—1¢ _

43/27
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zaélz(R =p-n’-D, KTj,J= | > n=—o-A
2
R 1 R -D R
K; = = ’ 4.(.] Pj: ; 2‘]2:(:'2‘]2
(1_t)pDP n (l_t)pDP Vi (1 l‘)pD V4
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x n_“ AL A 7:| F|=2HY F2 K
TO-le—I EEEEIO"A-I _—.I_gl'ullgrglxl_'l' E§(3) 2 [Fe am
W ozmaos g5 as T <O T~ H &
Kr, P/D =0.67 FOHX =S W] et
Mo OZ8y M8 01" 2 2| M= A0
i K/ P K, R,
— =0, C, = ) 2 2
t —/0.463
N 11.8
0.4 11.6
P 1.435
~ 41.4
0.3_ KT/JZ
41.2 ,
Ve |EHP in | w t |kq72 7 |NIRFM| », | BHF
0.2} \KT 11.0 | Kes] | calm () o | &
water calmm
\ [PS] water
(1] )]
0.1+ 125 | 1686|0381 (0224 [1374 | 0355 | 202 | 0470 | 2867
J =0.351 13.0 | 1955 0380|0223 1418 | 0352 | 212z | 04B5 | 397
| \/ | | | 135 | 2240 |0379 |02271 | 143 | 0351 | 221 | 04G3 | 36dd
0.30 0.35 0.40 0.4 0.50 140 | 2536 |0377 |0219 | 1443 | 03458 | 232 | 04B0 | 4376
J 145 | 2898 |0375 |0Z16 | 1470 | 0345 | 243 | 0457 | G020




@ Sea margin 11dd

Al 5

H1

230
220
210
200

AR N =]

rpm at MCR

BHP
(PS)
5,000

4,000

3,000

2,000

/. o
,/ MCR

/ ¢

/

“1%% S.M

/7
4 NCR - NCR Power

- 15% derating

13.48kts

1 | —

12.5 13.0 13.514.014.5 Vs(knots)




Term Project #10

calculation of principle dimensions
¥ pf a propetler and ship

I by using optlmlzatlon methods
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1T 1C ]
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CPropellerDB Class
H] s | =
- DSWF OIS M5 JMO| NN
. K, K,
C s |t U v C s |f u v
Tty )V (PDR) [(Ag 1A @ | T D (PIDy | (A 1A) | (2)
+0.00880496 | 0 | 0 0 0 [+0.00379368 | 0 | 0 0 0
T, -0.204554 1 0 0 0 | +0.00886523 | 2 0 0 0
10.166351 0 1 0 0 -0.032241 1 1 0 0
| y +0.158114 0 2 0 0 | +0.00344778 | 0 2 0 0
\‘3 " -0.147581 2 0 1 0 -0.0408811 0 1 1 0
\Iw . [ . ‘,\ -0.481497 0 1 1 0 -0.108009 1 1 1 0
; SRy | e . . . . . . . . . .
| { bl N : : : : : : :
Al
= SYMO| MY &8 U0l
Ship Speed | & -t
Vikes] |Edpppsy| || RO ‘ N
12.5 1686 248 192.5 0.381 0.224 1.018 1.254
13.0 1965 278 216.0 0.380 0.223 1.022 1.253
13.5 2240 304 236.8 0.379 0.221 1.024 1.254
14.0 2536 331 258.5 0.377 0.219 1.026 1.253
;;oﬂ-.f:‘;:o? |
7
g"iuLV—ME‘ v i ign Aui i
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class CKPolyNomial class CResistanceResult

i o

double C,s,t,u,v; double v,EHP,T,R,w,t,etaR,etaH;

5 5

e S DSA/ 3 50/87

R
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N

class CPropellerDB

{
public:
CPropellerDB();
virtual ~CPropellerDB();

/ /member variables

£ CKPolyNomial m_ 'K'ﬂb'le['?;‘)']"' HAAIO] T T A B2
: CKPolyNomial m_KQPoly[46]; : AHE O Xl= M&E B

Estd::vector<CResistanceResult> m_ResistanceResult; = : HMO| M AY HIOIH MAE

G A0] Tl Asi HiOjEl W& SL

iCKPolyNomial SetPolynomial(double _C,double _s,double _t,double _u,double _v);:
=double CalcKQ(double C1,double J,double PiD,double AEAO,double Z); :
: double CalcKQ_Diff(double C1,double J,double PiD,double AEAO,double Z);
Edouble CalcKT(double J,double PiD,double AEAO,double Z);

.'.III.IIIIlllllllllllIIIIIIIIII-..II.III.IIIIlllllllllllllIIIIIIIII-..IIIII.IIIIIllllll:
5 JIHEMAIZ 01200 KQ, KT HIAF -
Computer Aided Ship Design 2008 - PART Il Optimization Methods D, A i sp esuAbamation
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double CPropellerDB::CalcKQ(double C1,double J,double PiD,double AEAO,double Z)
{
double result=0;
for(int i=0;1<47;1++)
{ I A R R RN RRRRERRRRRERRERERERERRERRERRERRERERREREERERRERRERRERRERRRERERRERERERERRERERRERREERREERRENRERERRERRERRERRRRRRRRRRRENRENRNDN.] -
resultt=m_KQPoly[i].C*pow(J,m_KQPoly[i].s)*pow(PiD,m_KQPoly[i].t)* pow(AEAO,m_KQPoly[i].u)s
*pow(Z,m_KQPoly[i].v); .

} llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll.

return result; KQ :Z Cs’t’u’V(J)S (Pl /DP)t(AE /Ao)u Zv

double CPropellerDB::CalcKT(double J,double PiD,double AEAO,double Z)
{

double result=0;
for(int i=0;1<39;1++)

{ AEEEEEEEE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESR -
= result+=m_KTPoly[i].C*pow(J,m_KTPoly[i].s)*pow(PiD,m_KTPoly[i].t)*pow(AEAO,m_KTPoly[i].u)
: *pow(Z,m_KTPoly[i].v); .
} Iy NN NN EEE NN EEEEEEEEEEEEEEEEEEEEEEEEEEEEE NN NN NN EEEEEEEEEEEEEEEEEEEE NN NN EEEEEEEE NN NN NN EEEEEEEEEEEN o

- K=Y C.un() (BID,) (A1 4))'2"

87

}

C THTPOCCT muucy OTTp- DCOTSTT 2000 T 7St TTTe OPCHTTIZTOCTOTT TNCTTToTy NAOEISNU T — ﬁ'f'ip:??asaal.snu.ac.kr
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class CPropeller

{

//member variables
CPropellerDB m_PropellerDB;

double m V; /Ui &=

double m_Va; // O] HIZ2 HIAE 1125t &
//Datebase = S E HIAS SOl Y= &4t

double m_T; // HiCl =& [kN]

double m R; // WOl X8 [kN]

double m_w; / 8rE Hlx=

doublem _t; /2= 2 HiE

double m_etaR; /1(?)

double m_etaH; /1 (1-t)/(1-w)

double m_etaT; § 1Al &&= 0189 HIE
)OI H

= A
double m_eta0; THY2E

Computer Aided Ship Design 2008 - PART Ill: Optimization Methods

double m_KQ;
double m_KT;
double m_J;

double m AEAO;

double m_PiD;
double m_Pi;
double m_D;
double m rpm;
double m_n;
double m_Tp;
double m_Ts;

double m_NCR;

double m_P;
double m_z;

double m_Draft;
double m_Shaft;

double dense;
double m_Cl;

N ELI AT
== | B

// M EIH|

// EI HAH|

// IXIHI

// K] [m]
]:[EII-IIE.I II= [m]

R 3= 31 P

/1 Bl [1/5]

// :I:I:EIHIE.I XEI [kN]
/901 55 vE WII1 Aol

//R70l= F=H [kN]

// NCR [PS]
/M 0 [kw)
/EZWH SN ]

/| 84 [m]

/BEEEH K9 =0] [m]

/I HE

// KQ/I*5 O HIE

& (@

NAOE/SNU http://asdal.snu.ac.kr
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Advanced Ship Design Automation Lab.
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= L
11
1§ oHa

claéé CPropeller

{
public:

//member functions

void Calc_Propeller();

void Calc_VariableUsingDB();
void Calc_InitialValue();

double Calc_J();

void Calc_eta0();

void Calc_Diameter();
CheckEnum Check Result();

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods NAg"E?sNu

/BZEY FRX+E 280l 2= I8 E1 UL
/DBUI MEE atS AL2010 Hl&E = A= B0 aE 2F
/UHFEEE I =8 D12t HltE +=3E

/S HE E X UCE H A )STE AE HlAtE
//Newton-Rapson W& 0|20t0{ 1€ 8L

/I XIHIE HABAIFIHM =X XM HAEH|0A] VA 2 2&S ASHH
HEEH|0 IE =R O] XA D)E A8

//HI&F B1bJ} Cavitation0] 20K &= XA MINHAH| 2O 2 X] TS

8 @sonr
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W

M HMEH (A, /4,) Ik

Calc_VariableUsingDB();

I

2yJl | «—— Calc_InitialValue();

Calc_Velocity();

vl
rx

e

e

_CJY

o

= 2

EE%E‘I EI.EA‘I 1= 012008 013 T HIoR M «— CalC_J();

=

s JqM
—_
= J

2 2E(7,)8 W

Calc_Propeller();

ol 1o X, E 7% «—— Calc_eta0();

2nd Loop

3 Lo <+<— Calc_Diameter();

-
CH| 40IA 73 JE 0|20} D, B 7Y | J = 4 ]
n-D,

o K, 7t TAAI2E mxsot=Jk | +—— Check_TsTp();

1

of

<

HI| WEH| (4, /4,)7t Q7 HWHEHE HE0t=Ik

|

Check_AeAo();

RSSO D OvCIea
~ o o N w N -

2

0l

=]

2

aiaEn

=2

E -—

B«

b= I

[=3¢ IS}

= T

P

:_zum,:a
%% S DSA/ 3 55/87
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void CPropeller::Calc_Propeller()

.Ii...llllllll

: while(1) : 3" Loop

‘Ill{llllllllll
Calc_Velocity();

if(Check AeAo()){
pEE]EH ST

break;
}
else{

m_AEAO+=0.01;
b

TR 56/87
&) @soar.”
LTS Advanced Ship Design Automation Lab.
NAOE/SNU
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[ -
\{701(1 CPropeller::Calc_Velocity() | ﬁ c )I _:Ic_ 0'| ﬁ % [[H , DBO“ I‘l QE ?u'% A}g GI.O;I
g EEEEEEEEEEEESR E
1 e (1) an Loop T)R)W)t: nR7 nHE '_I'laal‘
LN % IIIIIIIIIII =
(=] ol
Calc_VariableUsingDB(); C1,vANE 7'&
Calc_InitialValue(); % oo 6t
Calc_etal();  —— | 2l 2E8E 72
Calc Diameter(); — —
D2 NZ(D,)E 7Y
if (Check TsTp()==FASTER){ )
m_V+=0.01;
H
else if(Check TsTp ()==SLOWER){
m V-=0.01;
\ - Ts=Tp2IX] @O0 Ol=2 3R S8 HEAIE
else{
break;
} _/
h
} ®
G 3 57/87
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N
void CPropeller::Calc_eta0()

{
double delta=0.01;

double tmp_eta0=0;

{ () F 1stLoop | Newton-Rapson WHOZ AI2010 JE HILt

LN N I{ llllllllll
m_J=Calc J(); /

m_KQ=m_ Cl*pow(m_J,5);
m_KT=m_PropellerDB.CalcKT(m_J,m PiD,m AEAO,m z);
tmp eta0=m_J/2/PI*m KT/m KQ;

if (tmp_eta0>m_eta0){
m_eta0=tmp_eta0;
m_PiD+=delta;

}
else{
break;
}
} =)
) & @sore
Computer Aided Ship Design 2008 - PART IIl: Optimization Methods P e e, edlgiudtomation.bab
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OZHHO F2 K+ EZ O=]4

AR N =]

o1t} &=
]

a8 at =5

«MCR = 4,500 PS X 220 rpm « M HAH| (A/A,)
«NCR = 85% MCR o Q| £&(v)
en =220 rpm o OZ W MZXIH|(J)
oz = 4 - O28H 287, )
-AHO| =5 B WE M 77;, 1, - =& 2 F(Dp)
«Shaft Center Height = 2.35 m - =84 M XId|(P,/D)
«Sea Margin = 15 % e K;
«15C 02 AYH p, — p, =99.047KN / m’ - Kq
MUOIE+ T . =6.5m e Tp

e T

«Tp-Ts

%
L
a.’.gr

Al

‘...

@SD,A/E 60/37
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[Z2mpio] =Q X4 Y T2 )M
- BUHAC| WA I MOA(1) ~
) —
= SHAO WA
Ship.h Ship.cpp
class Ship #include "Ship.h"
i
pubilic: Ship::Ship()
Ship(); // N2 834 i1}
~Ship(); // 712 A2
i Ship::~Ship{)
i1
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AR N =]

S HH A0 M
IF B

double in_MCR, in_NCR, in_n, in_Z;
double in_V¥[4], in_EHP[4], in_T[4];

double in_w[4], in_t[4], in_etaR[4]; # QigdisS HqAE H0] MY
double in_SHC; // Shaft Height Center

double in_SM; // Sea Margin
double in Tmid; // Moulded Trim

!/ Constant B3 -
const double PI; ASUS WIS B0 MO
const double rho;

&5
double out_AeAo, out_V, out_w, out_VA; = o
==

double out_1, out_etal0, out D, out_PiD;

double out_Kt, out _Kq, out_Tp, out_Ts;
jj aaer YD

1= S 3 62/87
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AR N =]

S12:0| Mot

oEHY FQ KIS AWE
HOl =22 =
o2HY FQ KI5 2

A 4

OnCalculate()

Wageningen B-series @] HOHAA! (K;)

A\ 4

Calculate_KT()

Wageningen B-series IO A4 (Ky)

A 4

Calculate_KQ()

T, Al

\ 4

Calculate_TP()

Newton & Rapson 2

A 4

Newton_Rapson()
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void OnCalculate();

double Calculate _KT{double 1, double Pi_D, double Aefo, double 2);

double Calculate_KQ{double 1, double Pi_D, double AE_ADO, double 2};

double Calculate_TP{double 1, double Pi_D, double AefAo, double v, double w);
double Calculate_Aefo Keller();

void Curve Evaluation{double v, double* EHP, double* T, double® w, double® t, double*
double Get EHP{double ¥);

double Get_T{double v);

double Get_w{double v};

double Get_t{double ¥);

double Get_etaR{double v);

double Get etaH{double v);

double Newton_ Rapson{double v1, double Pi_D, double Aefo, double w, double etaR);

void Print_Result();
L
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void Ship::OnCalculate()
K,=C-J {
double Aefiol = 0.55;
double v = 13.5;
double v1 = v * 0.5144;
double Pi_D = 0.65;

VAZV‘(l_W)‘ ¥ A=v%l"(1 w)
double C = Calculate_C{P, n, v_A);

1)

double rtn_C = 0.0;

- C‘\ double Ship::Calculate Ci{double P, double n, double v_A)
1

\ rtn C = (P * pow(n, 2.00) / (2 *PI *rho * v_A);

return rtn_LC;

¥
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[Z2mao xQ K|+ A o=
' - Newton-Raphson 28 0] {1t
S

vioid Ship::OnCalculate()

2 Al X i
EJI I:IAQI = O-I double AeAol = 0.55;

double v = 13.5;
double v1 = v * 0.5144;
double Pi_D = 0.65;

v A =vl*(1-w);
void Ship::OnCalculatel)

' xn+Ax — X, i
e aN P

double v1 = v * 0.5144;
double Pi_D = 0.65;

f(_x ) v A =vl*(1-w)
= _ n P double C = Calculate_C(P, n, v_AJ;
n+ n
f' (x ) double delta = 0D.001; // delta_x
n cdouble 1 = 10.0;
double delta_kQ = 10.0; // 5 KO 2F2 A0
l while{delta_K0 < 0.001 838: delta_K0Q = -0.001)

{

double Gradient = C * pow(J1+delta, 5.0) - Calculate_K0Q(]1 - delta, Pi_D, Ae&opl, in_2
double f£ = C * pow(], 5.0) - Calculate_K0Q(3, Pi_D, Aefol, in_2);

1=1-fx/ Gradient:

delta_K0) = C;

A

Iteration

& @30

. . . .. . = 2 Ad d Ship Design Aut tion Lab.
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IEE%HQI x=Q K% 2-

- Newton & Raphson YitH

W
Ko (J)

»
»

KQ (J) - KQ(design) (J) - KQ(series) (J) =0

"= 2 Cosan S (BID,) (4

/AO)M-Z

V:O

Oh e % b 5
T |Z2uy F2 1%
%1 FluMN

KQ(J) _ KQ(JI)
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yoid Ship::OnCalculate()

i
double AefAiol = 0.55;

double v = 13.5;

vl =y * 0 5144
‘ double Pi_D = 0.65;

AR N =]

v A=vwl*({1-w)
double C = Calculate_Ci{P, n, v_A);

double delta = 0.001; // delta x
double 1 = 10.0;
double delta KO = 10.0; // 5 KO 5

while{delta_K0Q < 0.001 &8 delta_K0Q
{
double Gradient = C * pow{]+delt3
double fx = C * pow(], 5.0) - Calcy
1 =1-fz / Gradient;
delta_kK0Q = C;

I XId|(Pi/D)&
HAAIFIHHA
Tt ZIHI} El=
O XIdIE &2

lll: Optimizatio

void Ship::OnCalculate()

i

cdouble AeADl = 0.55;
double v = 13.5;

double v1 = v

* 0.5144;

for {(double Pi_D=0.4; Pi D<1.2;Pi D =Pi_ D + 0.01)

i

v A=vI "(1-WJ
double C = Calculate_C(P, n, v_A);

double delta = 0.001; // delta_x
double 1 = 10.0;
double delta_kQ = 10.0; // 5 KQ 22 70|

while(delta_KQ < 0.001 && delta_KQ > -0.001)

i

double Gradient = C * pow(J+delta, 5.0) - Calculate_KQ(] -
double fx = C * pow(], 5.0) - Calculate_K0Q(], Pi_D, AefAD1

1 =1-fx/ Gradient;
delta KQ = C;
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yoid Ship::OnCalculate()

double Aefinl = 0.55;
— double y = 13.5;

double v1 = v * 0.5144;

for (double Pi_D=0.4; Pi_D<1.2; Pi_D = F
i

v A=vwl*({1-w);

double C = Calculate_C{P, n, ¥_A);

double delta = 0.001; // delta =
double 1 = 10.0;
double delta_K0Q = 10.0; // 5 KQ 2t

while{delta K0Q < 0.001 &8: delta_K0Q :
i
double Gradient = C * pow{1+delta,
double fx = C * pow(], 5.0) - Calcul
1=1-1fx/ Gradient;
delta KQ = C;

Computer Aided Ship Design 2008 - PART IlI: Optimizatio

void Ship::OnCalculate()

double AeADl = 0.55;

for (double v = 12.0; v</14.0; v=v¥+0.1)
i

double v1 = v * 0.5144;
for {(double Pi_D=0.4; Pi D<1.2;Pi D =Pi_ D+ 0.01)
{

v A=vwl*(1-w);

double C = Calculate_C{P, n, v_A);

double delta = 0.001; // delta x
double 1 = 10.0;
double delta_K0Q = 10.0; // 5 KQ 22 0|

while{delta_KQ < 0.001 && delta_K() = -0.001)

double Gradient = C * pow(1+delta, 5.0) - Calculate_KQI]
double fx = C * pow(], 5.0) - Calculate_KQ(3, Pi_D, Aef
1 =1-fx/ Gradient;

delta KO = C;

L
¥
¥
h
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yoid Ship::OnCalculate()
{

" double AeAol = 0.55;

for {double v = 12.0; v<14.0; v=y+0.1)
double v1 = v * 0.5144;

for {double Pi_D=0.4; Pi_ D<1.2;Pi D
{

v A=vwl*({1-w);

double C = Calculate_C{P, n, v_A);

double delta = 0.001; // delta x
double 1 = 10.0;
double delta_KQ = 10.0; // S KO

while{delta KO < 0.001 28 delta K

double Gradient = C * pow(]+de
double f£x = C * pow{], 5.0) - Ca
1=1-fx/ Gradient;

delta KO = C;

I
1
h
L

Computer Aided Ship Design 2008 - PART IlI: Optimization

void Ship::OnCalculate()

{

for {(double Aefinl = 0.40; AeAD<1.00; Aefio = AeAAD+0.01);
L

L
for {(double v = 12.0; v<14.0; v=v+0.1)
double v1 = v * 0.5144;

for {double Pi_D=0.4; Pi D<1.2; Pi_D = Pi_D + 0.01)
i

v A=vwl®*{1-w);

double C = Calculate_C{P, n, v_A);

double delta = 0.001; // delta =
double 1 = 10.0;
double delta_K0Q = 10.0; // 5 KQ 2F2 &0|

while(delta_KQ < 0.001 && delta_KQ > -0.001)

double Gradient = C * pow{1+delta, 5.0) - Calculate K
double fx = C * pow(], 5.0) - Calculate_KQ({J, Pi_D, A
1 =1-1fx/ Gradient;

delta KO = C;




AR N =]

void Ship::OnCalculate()
{

for (Pi_D=Pi_D_min; Pi_D<Pi_D_max; Pi_D = Pi_D + 0.01)

double Aefio = 0.0;

/7 Wewton & Rapson B 1= /7L

double v = 0.0;

1 = Newton Rapsun[v Aenu w, etak); |

double Pi_D = 0.0;
double 1 = 0.0;

i?x"ffiflx‘fffx‘fffffx’ffﬁffh’x‘fx’fHHEHHHHHH

D
tal]J'} HI I = 23S A5

m

4
i

Elﬁ

¥

£ Minimum: AeAo_min
Ff Maximum: AeAD_max
for (AeAAD = AefAo_min; AeAD<AeA0_max; AeAD = AefAAn+0.01);

{ Pt Y -d g II-_.A. EE)I_'III
double EHP, T, w, t, etaR, etaH;

?;{“HHHHHHHHHHHHHHHNf‘fh’fffr“ffx’h’fff

HHHHHHHHHHr’HHHHHHHHHNHHN
T ST P2 &
double T_ S =T;
double T_P = Calculate_TP{J, Pi_D, AedAo, v, W);
if(T. S<T_P)

[l e W8T
hreak
¥

3

_II:

£ Minimum: ¥_min knots
// Maximum: ¥_max knots

i

for {¥ = v_min; ¥v<¥_maxz; vy=v+0.1)

dﬂl Ihlc ul — ¥ c444.
Y ¥ L= rT= e =

Jf A HOH=Z5H £=5(v)H [HE 2SS EvaluationTHLE
Curve_Fvaluation{v, &EHP, &T, 8w, &t, &etaR, BetaH);

.-’.-“.-’J’H."'f._ffa’.-’.-‘.-’f.-' e R
W AHI(Pi/D)2] 23

Rr
it
£/ Minimum: Pi_D_min
i

ffff’fffffffffﬁff FELELELE T i i
ff Keller2] A M AR

double AeAo_Keller = 0.0;
Aefo_Keller = Calculate_aAeAo_Keller();

if (Aef0 > Aefo_Keller)
¢ [ 2ENS EEITHL

Print_Result();
i

Maximum: Pi_D_max

'l
L)
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AR N =]

o2my =Q KIS
- Curve Evaluation 8t =
 —
void Ship::Curve_Evaluation{double v, double® EHP, double™ T, double™ wr, (
i
{*EHP) = Get_ EHP(v);
(*T) = Get_Tiv);
{*w) = Get_wi(v);
(") = Get_t{v);
{*etaR) = Get_etaR(v);
{*etaH) = Get_etaH(v);
¥
V(kts) EHP(PS) T(KN) W t nr 1y
12.5 1686 248 0.381 0.224 1.018 1.254
13.0 1965 278 0.380 0.223 1.022 1.253
13.5 2240 304 0.379 0.221 1.024 1.254
14.0 2536 331 0.377 0.219 1.026 1.253
& (@soL.”
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[Z2mao] xQ K|+ A o= M
*- Newton & Raphson 28 O] (1™
S

AR N =]

1

double v_A = v1 * {1 - w);
double C ={P * pow(in_n,2.00)/ (2 *PI * rho, powi{v_A, 5.0} };

double delta = 0.001; // delta =
double 1 = 10.0;
double delta_KQ = 10.0; // 5 k0 22l 701

while{delta_K0Q > 0.001 || delta_KQ < -0.001)
{

double fx = C * pow(], 5.0) - Calculate_K0Q(1, Pi_D, Aefo, in_7);
1=1-fx / Gradient;
delta KQ = C;

I

return J;

double Gradient = C * pow(1+delta, 5.0} - Calculate_KQ{] - delta, Pi_D, Aefo, in_7);

double Ship::Newton_Rapson{double ¥1, double Pi_D, double Aefio, diouble w, double et3

Computer Aided Ship Design 2008 - PART III: Optimization Methods N
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= Wageningen B-series K, HI&t

Z Stuv.']s

20|
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-

IES

(P/DY(4,14,) -z

double Ship::Calculate KQ{double 1, double Pi_D, double AE_ADO, double 2)

double K_0 = O;

!/ MARINZ| B-series K_[) Polynomials

double C[47]={0.00379368, 0.00886523, -0.032241, 0.00344778, -0.0408811, -0.108
-0.0885381, 0.188561, -0.00370871, 0.00513696, 0.0209449, 0.00474319, -0.007
0.00438388, -0.0269403, 0.0558082, 0.0161886, 0.00318086, 0.015896, 0.04717
-0.0502782, -0.030055, 0.0417122, -0.03977.22, -0.00350024, -0.0106854, 0.0011
0.0035985, -0.00142121, -0.00383637, 0.0126803, -0.00318278, 0.00334268, -0
-0.0000297228, 0.000269551, 0.00083265, 0.00155334, 0.000302683, -0.0001843

int 5[4¥]={0,2,1,0,0,1,2,0,1,0,1,2,2,1,0,3,0,1,0,1,3,0,3,2,0,0,3,3,0,3,0,1,0,2,0,1,3,3,1,4

int T1[47]={0,0,1,21,1,1,20,1,1,1,0,1,2,0,%,3,0,0,0,1,1,2,3,6,0,3,6,06,0,2,3,6,1,2,6,0,0
int Uu[4¥]={0,0,00,1,1,1,1,0,0,00,1,1,1,1,1,1,2,2,2,2,2.22,20,0,01,1,2,2,2,2,0,0,0,1,]
int v[47]={0,0,0,00,000,1,1,1,1,1,1,1,0,0,0,0,0,0,00,000,1,1,1,1,1,1,1,1,1,2,2,2,2,3

ffK_QHM
for {int i=0; i<47;i++)

. K_0Q = K_0Q + C[i] * pow(], S[iD) * pow(Pi_D, TiI) * pow(AE_AO, U[i]) * pow(Z, ¥[il);

¥

return K_0J;

Computer Aided Ship Design 2008 - PART III: Optimization Methods
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double Ship::Calculate TP{double 1, double Pi_D, double Aefo, double v, double w)
i

double rho = 1.025;

double n = in_n / 60;

double D ={y *{1-w) *0.51441) / (n * 1);

double 2 = in_2Z2;

AR N =]

double T_P = rho * pow(n, 2) * powi{D, 4) * Calculate_KT(1, Pi_D, AeénD, 7);

return T_P;

(&tﬁ

N

;.:’? @ SD7A/ 3 75/87
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Cargo Capacity;
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(
max)

x Q7 x2)

Deadweight;
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Mmﬂﬂﬂ

x_l. O ;@10

S|
s

L)
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2 A= &8 =M

FOIM g(ME Q7 XA | DWT,CC,,.T,. (=T),V

et =8 P A=Y 8 HUWE

-I)I

_II_I X

HA0l= atanas L,B
20l =

r_E
1O

EED

M
I__l

B
S A

-|-

AL
.

B3 buoyancy)-= = (displacement) B& X H s yorza

L-B-T-Cy-p,, -C,=DWT, . +LWTI(L B,D,Cy)
=DWT,  +C.-L'°(B+D)+C, -L-B+C, -NMCR

given

=DWT, +C. -L'°(B+D)+C, -L-B

given

+C  (L-B-T-C,)"” -V’

power

QA= S A &8 (cargo capacity) X Hess ez

CC,, <Cey-L-B-D

A QP AH XH s e za)

D>T+C,,-D

S5 AFFR N5 MF JIF)

Building Cost =C,-C,-L'*(B+D)+C,,-C, -L-B+C,, -C, - NMCR
» OiXI== 4H, 2 M =4 U1, F32 M =24 2021 XX} =X



[ Cy @ MBS IS
S FH OY XAHSS MY XH) C, :ome =2 Y4
- C,. :Jlus =8 H&

v ma jl S J“

28 (buoyancy)-= & (displacement) BH X H e uo 2
L-B-T-Cy-p,,-C,=DWT,,,, +LWT(L,B,D,Cy)
e +C L (B+D)+C,-L-B+C,,, - NMCR
=DWT
+C ey *(L-B-T-Cy)** -V

= DWT
1.6
civen +C,-L°(B+D)+C, -L-B

C,,C,,C e = JIEMO| IIZZEH HMEIE 2
BRI /£
' ["(B+D)
c -
° =T .p W, M8 g
C _ W W, %R 5
P (L-BT-Cp) v W, J 1R B

QUEND

A 79/27

W (@spAL ™
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. AHF =&k Y&
=gl Hal mMa XH(E oF X Cs :HR SN
SO T=1 00 .-.7._'|(° M _l.uj_'l) C . ojxm zar &

oT o T
- MEE TE AN S Us BS ’ N
| — C,.: 2 S A=
2= (buoyancy)-= & (displacement) W& X H =c o z2)
L-B-T-Cy-p,,-C,=DWT,, +LWI(L,B,D,Cy) _R.(L B, D, C,)
=DWT,,,, +C, -L*(B+D)+C,-L-B+C,, |NMCR
2 L,B,D, I FUHRE I =HTt
HYOZLH NMCR =3 Jts
CS9C0’CpowerE Jlétgl II'EE'?‘EI HI&EIE ﬂ > =M IS a4t
EHP=[R }V
ex) . _ W DHP = EHP /7,
* L°(B+D) BHP=DHP /7,
/8 NCR = BHP - (1+ Sea Margin) /100
C, = W. . AMub = . _
L-B § rw=T1ee MCR = NCR / Engine Margin
/8 W, 8T 8 NMCR = MCR / Engine Margin
" NMCR —\W,,: )8 58
SRS 80/27
%é:. @AdSDdADL' Automation Lab
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Building Cost =C,-C,-L'°(B+D)+C,,-C, -L-B+C,, -C, -NMCR
=C,,-C.-L'°(B+D)+C,,-C,-L-B

N

+C,, -C _ (L-B-T-C,)*>-1°

power

Cpg : MY ZIHY| T A=
Cpo : AER HIE LA AT «— Given value
Cpy @ JHE HIE HH A

Pid
(e}
L’,’g

l‘slg -

=

L
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EJIEl Hief =24

W

QAL = = A 8 (cargo capacity) T Hsse ez

cC,,<Cq-L-B-D (CC,, A= EH) ( C,, :UA=T EH A=)
XA Q4 UM X H=se ne za ™ given " From JlEd

D>T + Freeboard
> A HAr o2 J3= 0|2010 J{l” s

XEM BHEWIMOl HI9 Hl$=(Obesity Coefficient) @9 XA

Cy/(L/B)<0.15

Watson & Gilfillan0fl I8} CB =8 g}

C, <0.70+0.125 tan "' ((23 - 100Fn)/4)

(Froude Number : Fp = L )

Vel
“; SDAL 82/27
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B
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HU
(=}

AL
.

28 (buoyancy)-= g (displacement) B8 X H o yo 22,

L-B-T-C,-p,,-C,=DWT,, +LWT(L,B,D,C,) L8D.C)
- DWT,,,, +C,-I'*(B+D)+C,-L-B+C,, 'NMCR

0|n
JO
B
B

QL= PHE A 8 (cargo capacity) X2
CC, <Cey-L-B-D

O

il Rrr' U XU sz ne =2

S22 BI-J_F(xR IlJ_F AN X )Ix)

|11 a —O

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

» OiXI= 4H, S2 M2t =A 11, $32 M =4 2)021 X9 22X
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A E =R X

AN |

302K DWT Class VLCC

I-I
=20

2 9ot

Al
=

M H0lE

o= axu g AH N Hl 1
Loa abt. 330.30m
Lbp 314.00 m
=Qu B,mld 58.00 m XX HIH
Depth,mld 31.00m 21.00 m MHE A
d(design) 20.90 m
d(scant.) 22.20m
Deadweight 301,000 Ton 320,000 Ton
at design draft,
Speed 15.0 Knots 16.0 Knots 90% MCR(with 15%
Sea Margin)
TYPE B&W 7S80MC
= MCR 32,000 PS x 74.0 RPM
NCR 28,800 PS x 71.4 RPM
8) SFOC 122.1 Gr/BHP.h
2 TON/DAY 84.4 (HFO) NCR J|E
Cruising range 26,000 N/M 26,500 N/M
swwss | il | Cobed]
Cargo Hold abt. 345,500 m3 abt. 360,000 m3
> H.F.O. abt. 7,350 m3
g D.O. abt. 490 m?
~ Fresh Water abt. 460 m3
Ballast abt. 103,000 m3 Peak Tanks T8}
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haracteristics of Diesel

\Engine
) (Cl& Axle] £H)

Xe

Mo 3ot
=

. MEusE

=T

A dvanced
S nip

D esign

J\ utomation
L aboratory




Al
o

HENES

[ LA X1
S
= O2AZXIO =5
BHP=P -L-A-n-Z
0{71Al, BHP: Brake Horse Power (kW)
P B a9E (kN/m?)

L: 3 2=F 387 (Stroke)(m)
AT ©@H A (m?)

n:Z 3 A-1G (1/5)

BHP:CDE Pme.n
OlB= JHEAZIO| =12 (JAAXIO| 9|MQ WA S8 AHN HIHIE
?*f“ 87/27
(&) SDAL ...
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Sulzer GIXIO] A

R12 NMCROIl OHEOHTI, R, = L, R, -

R1, Rz, R3, R4_|_ J.Laol'u:l

L3r R3 LZ’ R4

507%

40%

L

[ 75" () !EE‘}kj g g 2o =3
|:IEOIﬂIl_I—I =O(2) 7 |[2=wa F2 0
-OAAXIO| &= P (layout diagram) # [z1m oy
Power 3 &+ &= (logarithm)E HH
f /
Power, % of Ly L,: NMCR(Nominal Maximum Continuous Rating)
110% i
1007 - L= NMAR
90% i 00% \A“p\_) /
= A
Engine spe g4 % /
(rpm) - L
- 5%L,
70% —
> -
min max -
60% <0 // L.
SOl YW WH QE AWML, L-Lill  F oS
ol 2™ B/ XM L -L,, Ly-L,0ll 2100 HiTHE

LN D12 SlR0] 15
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[ i 1 1|

L 1 1 |

x| M
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JIEI1H1Y

J)OE :I:I:

— e ol

707%

75%

80%

[ 11‘ L] |||| 1|l|1| 1}1|||1|||r
1 | | I |

85% 90% 95% 100% 105% 110%

Engine speed,

% of L4
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a1 %0 T EEE RS
=
UI'—| o_I(Z) ;.‘iEJE_%Ei$RII¢
Xl o IHI oy | = x
CIRATO| X5 W9} TEW JN
me L, M : Specified MCR for propulsion (DMCR 5= MCR)
. I =0.15 —————— S : Normal continuous rating for propulsion (NCR)
110% 03— o1 AIg N2 0| BS XS5 = 01
T i - Y P : Propeller design point
100% —+ Curve : Propulsion curve, clean hull (light
o running)
= Curve : Propulsion curve, fouled hull and heavy
90% - weather (heavy running)
¥i s HR : Heavy running
LR : Light running
80%
1 A . .
Engine margin S = 90% of M
70% + Y
i
T i { Sea margin 15% of P
60%
50%
40% | | | | | | | | Engine speed, % of L,
70% 75% 80% 85% 90% 95% 100% 105% 110% &;,gf“;? 90/27

£ (Q)SDAL
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[ or=2 mo|3)

k]

HI | o2

HENES

v-o= X 0" (MCR; Maximum Continuous Rating) ; i -

| —

n 0HE AIXIQ] Az Mo =z Azt = XU 0=

s A= HY HOIAC oT M& MCRO| & = U2 U, MCRE MAEE =
01221} 3] ™M 4=9] Deratin ﬂI(MCR NMCRO||H Oi= it 21X =9| X10l),
O=8d 98+, As ﬁl:llé, dd|i] =8 &S HY SS U 8l
112404 OF &

= 2AH MCROI 04 JHX] JI=E 1O 2= WOHIM MELS, Ol
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ket S Al (shaft line) QY EI JIJI(auxm ary equipment)@| X7t Z2XEH,

OIHIS El= NMCRO] OtU 2}, MCRO] ¢== X|TH O] J|=0| E. = B E
i1 9|M=9| J|=2 MCRO| &
SHH AHIMOZ 110% WHEO0I= 124122 1412 SO {2
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marging 27| SI0HA1 ZITH 90% -.-GIOIIM J|0] ASZMOZ XSOIES
XIS MAEDII|E MBT 0] S, NCR = 90% MCRY

0171 M margin(NCRIF MCR ALOIC] XIO])& AIXI margin0ldlld SEMH HE
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HEREESS

oEmEy £ K

I'.EE-IHJIHE

COEAXIO] ot HS (Load Diagram)

=)o ME

- O

W
= MCRO| HOHXI™, 0l MCRE JIELZE 1 OJRAZIQ|
i RS RS &*%(continuous operating)& & U= O 1

81X 40 Q|J} Hof AL

. OIHG*UéﬂHQI 0=l 2| M +=9] &Ml H=5E0l AlS
HAE “S0l W (Load Diagram) 0l &

}

=0l

, XI0| (1A QI XS0l (RS O/ 2] M20)
HE X

gq

3 I[::
I'-_‘-2

re I
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g‘é!ﬂﬁ S D A L 94/27
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I M : Maximum continuous rating (DMCR EE= MCR)
I‘" II I GI. l:l'l I 2'. S : Normal continuous rating (NCR)
|_ 1 Gy, G, : Propeller design point

TN 0 : AZAl MBIO] MBS JIEOE o TRHA0| 0E-g|ME
v IT E IHI a QI._I Match-l N = M(light running)
— L g 2N ©: seamargin® TS M8 X2 SI|A| T2WRO| 0140
= - B o e RS S o Tt wit 2o /s Axu
UZ 0132 A% NS EHA o ohyiE LEIHS 2N, o18:9] 2200 I
NN G : o1 XS0 012%= A Ba 98 242 MM, S1M20) |
Sl 00 o1 TS0y o H 0 X
3.3% M 5%M | XN o : O£ D50 S AH SIHs S
L,
5% L,
[}
Engine margin S = 90% of M
Y
[}
L, Sea margin of G,
Y
60% -
B v OZ2H ) 550l
S - ! ors P 3
50% _E ........... Heavy running prop. xn
° / |
6o Lii” y Lignt ing TR E
N | |
o0 Py o
| |
40% I I ""'“"!"""""'"""Englnespeed%ofL1
70% 75% 80% 85%  90% | 95%  100% 105% 110%

NNer nMCR
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!MAN/B&W HE QRAAZXIO S=R(1)

= |

MC MkV

I Mark: Engine version

Engine programme

Diameter of piston incm : bore

S

Stroke/bore ratio L

K

Number of cylinders

Computer Aided Ship Design 2008 - PART III: Optimization Methods

Super long stroke
Long stroke

Short stroke

a.’g

G

/‘“—!bxdé-

NAOE/SNU

RN 1
I
Hl
1
1]
m
k0
>
1

approximately 3.8
approximately 3.2
approximately 2.8
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RN 1
I
Hl
1
1]
m
k0
>
1

[MAN/B&W HE UQAAURO SF(2)
v BHPX1OO(g<W

100 1. 70
80 — 60
T+ 50
60
40
40 + 30
30
- 20
20—+ 15
15 —
- 10
- 8
104 135
+ 6
L 4
5 4
3 4
- 2
2 -
; & X: Two-stroke Engines MC
programme 1996, MAN/B&W
T T T T T T T T T T | vé“%\b
50 60 70 80 100 120 140 160 200 250 N SDAL 98/27
Speed @EE )
r/min SSwr7L Advanced Ship Design Automation Lab.
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MAN/B&W [HE CIMAIXIO] S (3)
5 o = - L OoOTT
¥ i Engine power range
0 -10000 -
Search
5 Click on engine type for details
rimin ; 1I25‘|:H]' ZIEDDD 3-]I"5‘DD E?DDD EIZEDD T.I.‘FDDD 3'.:'51}0 ‘TDI'EDDD KW
a7 . P&y
94 I <aencs
104 R, oMot
104 N koaMe-CE
i N =oonc-cE
76 I somc-c
104 [ P
s I scoics
8 I szomc-cs
e I =sovcc
104 I 20N -
91 I s7omce
91 B =romc-ce
91 I =7omc-cr
108 B | 7onc-cB
08 I ronc-cr
103 B =50mc8
105 I =conc-ca
105 B =somccT
123 I | sovc-ca
123 B somccT
127 M s=0mcs
127 B csomcce
127 B =sonc-cr
129 B sacmc-ca
129 M =4smc-Cc7
138 I ssoncT
173 B sasacy
Eaiy Bl L 35mcE
250 M soemcs
Compute rimin : 1I25|:H] 2I5D{H} 3?I"5I:H} ErII}D'DD Elzﬁﬂﬂ TI&DDD ETEDD ‘HJI'D»DDD kWY

HENES
IH
HU
[
o
Ul
=0)
=
1>

& X: Two-stroke Engines MC Programme 2007,(MAN/B&W
http://www.manbw.com/engines/TwoStrokeLowSpeedPr

opEnginesProgrm.ap)
SDAL

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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[ MAN/BE&WALQ] 2
OiI= 98- X UE
S sgomce AIZI

Bore: 800 mm, Stroke: 3056 mm

oy

Computer Aided S

oH
o

X
o

4

=
0%
*a

IH
HU
[

44
=0)
=
1>

HENES

ol
=
re

02

Layout points Ly L2 L:__,' LJ,r
Speed rimin 79 79 20 =9
mep bar 18.0 115 18.0 11.5
kW kW kW kv
SSE0MCE 15200 11650 13600 aroo
BSBOMCE 21540 13980 16320 | 10440
TSE0MCE 25430 16310 19040 12180
BSB0MCE - 29120 18540 21760 13920
SSB0MCE 32760 20970 24430 15660
10580MCE 36400 23300 27200 17400
11580MCE 40040 25630 25920 18140
12580MCE 43630 27980 32540 20280
Specific Fuel Oil Consumption (SFOC)
kWh 167 155 167 155

Lubricating and Cylinder Qil Consumption

Lubricating oil

0.15 g/kWh

Cylinder oil

0.7 g/kWh

DAL

100/27
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[ MAN/BE&WALQ] 28
‘= X2t
-

Computer

Xl

l__

j crane hook

HENES

S8OMC6 AHZI -
Bore: 800mm, Stroke: 3,056mm

H,: Normal lifting procedure
H,: Reduced height lifting procedure
H,: With electrical double jib crane

Q: H1 3
is ; L"|_ P
= l " o
__JT:E 5 B A
Jdddo| ™
] | {:} |
| |
E il 4 N T A
L Lmin _‘
Main dimensions & weights
Cyl. Ho 5 G T & 9 10 11 12
- Lm."_l mm 9953 11377 12581 14005 16719 18143 19567 20991
H.F"n-'lm 14125 14125 14125 14125 14125 14125 14125 14125
H2 mim 13250 13250 13250 13250 13250 13250 13250 13250
HE. mm 12925 12525 12925 128925 12525 125925 12925 128925
A r.rlrn 1736 1736 1736 1736 1736 1736 1736 1736
B mm 4324 4824 4524 4824 4524 4824 4824 4824
E mm 1424 1424 1424 1424 1424 1424 1424 1424
Dry Mass t* T it 995 1105 1223 1343 1458 1564

*The mass can vary up to 10% depending. on the design and options chosen.

E Iy

SDAL

101/27
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Power
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100%
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50%
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of [HS 2 01 =3

L= b S = 2 [mema 72 s

SS M4 NN 0|20 AN S2 M (1O Bl e
0=

| — Installed T} S 30,000E 3 AMef0| J|Z OF2(8,0008HP 100rpm)0fl LHEH
srp E WA MF W2AS 100-150 rpmALOIOfI A1 &= O
15,000
=
10,000 =
' L~
9,000 // // /
1 — 1 a
PPSPA 8,000 —— COUStOdntL ,Sh\p ____._--——ﬁw
spee ine
7 000 4S60MC 4/ /// /
6. 000 ,/ 5S50MC /7/
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- // _~T|sLsoc 1/

\

5.000 | / — %
4,000 » /4/ //
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Power,

110%

100%

907%

80%

70%

607%

50%

407%

o (ME % O =3
=
A = [zzma ze 12
sl |
QZIO| M (XK H 0”)2
- )t MA matched),
F IZH)} ZEE 20
E ) 239| J|=0] &l= 01
F M Specified MCR of engine (MCR)
[ S Continuous service rating of engine
e (NCR)
- . O Optimizing point of engine (O)
— l_4 PPOPULSLOH ?”d A Reference point of load diagram
- engine service curve (HE A=M)
T for fouled hull and
= heavy weather
AU T T T T O U N T N M M A ‘I‘ PO N I SN N N N N O I N N N S O O Y |
I | I ! | I ! I
70% /5% 80% 85% 90% 95% 100% 105% 110%

* 7 AT E: SFOC(Specific Fuel Oil Consumption)

Engine speed,
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b ]

= x40 Xk x4 i HE % 0 =
EE ﬁul E ﬂa I' .I.I _I olﬂ|_| %a ﬁEE%EH‘—RII#
(‘ZIMH 01) MH 0ll(2)
)
Data at nominal MCR (L1): Data of optimising point (O): O1 0]
Power: 100% (L1) 21,360 BHP Power: 100% of (O) 17,730 BHP 15,100 BHP
Speed: 100% (L1) 106 r/min Speed: 100% of (O) 95.4 r/min 90.1 r/min
Nominal SFOC 127 g/BHPh SFOC found: 125 g/BHPh 122.6 g/BHPh
L70MC Nominal SFOC in g/BHPh ;)SEBE Diagram 2 SFOE
at nominal MCR (L1) wiﬂmuf gilo:: Part Lead SFOC cupve Q/BTZT
Conventional +3 130
127
turbochargers +2 129
+1 128
High efficiency X J/
turbochargers 125 ? 2N | E\'M et SFOC, R :Z
TE e Savin Penalty
High efficiency -2 £ 7 T 125
turbochargers min. 122 -3 KL4 7 W 124
and TCS -4 ¥ 4 T 193
X7
O1: Optimised in M -6 W ,{/ 121
O2: Optimised at 85% of powerin M -7 120
Point 3: is 80% of Oz = 0.80 x 0.85 of M = 68% M e SR R WO RO TR
Point 4: is 50% of O2 = 0.50 x 0.85 of M = 42.5% M e [ees g Fewer

M

L L



