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Optimum Preliminary Ship Design Technique by Using Sophisticated

Sequential Linear Approximation Method

—Development and Application of User Oriented Design Optimization Language—

K.Y, Lee*

Abstract

This paper presents a sophisticated Sequential Linear Approximation Method (SLAM) to solve

nonlinear optimization problem and the performance of this method is compared with those of
the Penalty Function Method (SUMT), Tangent Search Method (TSM) and Flexible Tolerance

Method (FTM).

To improve the convenience and flexibility in using the proposed SLAM, an user oriented

design optimization language is developed and the application examples are shown for the

optimization of propeller principal dimensions and the optimization of bulk carrier principal

particulars.
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minimize f(X)
subject to g:(X)>0, i=1,2, -, m
h(X)=0, i=m+1, -, p
X=(Xy, X, -, X,)

e FREANAE EAGE X)) AgzA
A g b7t AAESE Xo daA wadge Ao g

FEol, ol % HAss] 1% e wudHosn 2
%= 7&% 71 el v

2.1. Penalty Function Method
AgzAAel 9 FAe HZ4 AgzA4E
TR vA = J¥E 288 penaltyge AP
T RAEdezAd Agtzdde At FAZ wrE,
A4 B o) fot AL 2E W o] o},

E =TelAd A4 Ag A% vz e w
Y2 Nelder and Mead?] 73 A9 (1) External
Penalty Function Technique(2]¢] 9] c},

2.2. Tangent Search Method[3)

AFEA4Y 9 B2 g9 gradient vector&- o] &3t

o HAAE e Fig. 1l & 239 %%
of & a7t Ao glct, Feasible regionei] A =
Hooke and Jeevesd] A ghaby & Al g3lo] 2442
Fotrintrt A 2gA Pot A @z gi=02 9ukst
A& oA 2AY A Pum s Eoh o Grad e
W&t $4¢] tangentw} & (‘tangent move’ ) 0 2 1lo}
tA HAAAE FoYE ol FANA T Mol mup
A ZE AgzAAN gi=0 =& 2 oJu APz
gi-1=0% Subste& ol = Aol 4] T4 ‘tangent
ohA s 3wk i ubelA 9k A of = Hooke
and Jeeves®] w2 A< wapgd,

2.3. Sequential Linear Approximation Method

HAY B g5 Afa2AAe ofn g9 4 Xw
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move' 2
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FEASIBLE REGION
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S feconst
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Fig. 1 Tangent search method
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=

i=m+1,-, p
of 7ol ok X9 WEegS A et A
lX}(_kH)___X](kllgalﬁk)’ i=1,-n
¢ A9 99 FAE AFARROL ] S5

X}ku)_% q_—&} 2 Alrjf'
N gA A delm & XVl el B %A
]

FEANE B 4g8en 9 Fod X} ve
T4 AR SR AY AL e Ak
X, X0, g A A4 Xl A 2e

9 4.
£44 495 Wy 454 =4 Grifith and
e o] WHe gHE &
A gt d84ge] 48 AL & 3
Hao ‘3‘0}21 % %"} a4 dedlE B Ed
o7} A &= Penalty Function Method*} Tangent
Search Methodsll ®la]l A 4 5ol X Utz dAAT
Skeh.
2.4. M 22 Sequential Linear Approximation
Method
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2.4.1. A2¥ d47189 =4

FOX) =X+ (3. 4o

fmax

+Zh; I— ———)#(4-+-1000%L)

for all v1olated inequality and equality
constraints
71 A,
dfmax =max;|3f/0X;|
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dgmax,=max;|0g/0X;]
dhmax;=max;|0h/0X;|
L0 =& 19 &% AAsd L=14
AAY 43¢ FTHFFEY o] ¥
AS ARz FAETE 2
2.4.2. #A gA
£ 3ol A A4 AA 7)Y algorithmg o2 3
Hoz TAHA
D dog A X5k dAd
EdE 24 @59 AGzA]E
Aol g3 o X®F T
Fz44¢ S BF HF4E A% T + A&
Aol e AREANE AF A7 AwshE Hyperpl-
dg At XP=2 Atz A
2% 474 7249 LE 12 Foh

A% A=
go] aeddhar L=09]
& order® 18 gttt

EEIEEEEE LR
AYHTE F, 497
o =l AP

ane? corner AH-%

2) why F(XP)SF(XMA A%, & 247+ 438
A% 1 GOTO 3)

whel F(X®)>FX1)E A9, Azg X0k 50g
EEELE

X®=0,75+X 0 +0. 25+ X, 5 =0, 255

A4 22 @RS Fo wel 6B <L (FolF obF F 2
e AL, A4 stz ade) 8§ XPs A
He 287 %= A% GOTO 2)

3 X, 59% £ A5 8 XOF T

Bel | XO—X0 | <a(el® FHE& DY AF

LTS CEFLENY ELL)

X9 =0,75+ X +0. 26+ X, 3 =0, 2545
AnEa BA7 Fo wek X7 A7) obd FF
XX, XX, §0ash, 50502 28

3 % GOTO 2)

i) mrd [ XWXV |>a”l A5

Hooke and Jeeveso] A ¢ 72 “Global Move”& %
Eid e

Global Move : X=2+X® X1

2) F(X)<SF(X®)ad A%, F w27t 438 3%

cAd A¥s P ol 88 A A 244 Ay 37

X—-X" A%F GOTO D
b) F(X)>F(X®)ql A%
F(X)<F(X®)e AL X®XWm
GOTO
F(XO)>F(X?)q A% . GOTO 3-i)

A &F

3. M =28 Sequential Linear Approximation
Method2| ¥ =

3.1. M e & Him
A ¢t=l Sequential Linear Approximation Method
(SLAM)®] A%¢ AR} $13 5749 34 4
of A&l =7%% AFAA AdAM A g T
o] & & F71x 9 %, Penalty Function Method
(SUMT) ¢+ Tangent Search Method (TSM)ell =z} A
A% Axe vl A 23t Table 1~50] A & o]
3 AR} vEg ek 4514 CPU A zke
PRIME 750 7] Fol 48] A AbA 7Ee] ot
Penalty Function Method+ A 44 7k-& TSMo] 1}t
SLAMo] Hl#jA AA 85 dot F&E do =g
28 A%k Bokerd =3 z2J o] W #®
g 934 A= F& FIA X3 A0 A
Tangent Search Method: Al w8 & Al 4 A 2& A
o o] &g93%tx Yoyt FF ot LB SUMT
o W Y53 Frsrdch
Sequential Linear Approximation Method&
ol d#AFAA A ¢
o} e FFo At
Test problem 1:
F(X)=— v25— (X, —5)x+2— (Xo—5)*%2
subject to 32—4X;—X#£22>0
Test problem 2:
F(X) = (X Xy#x2) %52+ (1— X1 ) vx2
subject to Xj+#2+Xo#+2<1
0.2<X,<52, 0.25X,<2

B+A

484
F3lg 2 AA4ARE SUMT

Table 1 Results for test problem 1

| Starting | symT | TSM sLam | Strting | sumT TSM SLAM

X A 4.367 ‘ 4.374 4376 6.0 4.403 4.372 4.373

X, 10 3.812 3.808 3.807 | 1.0 3.793 3.809 | 3.809

5 —4.815 | —4.815 | —4.815 | —4.815 | —4.815 | —4.815

CPU (sec) | 1 8 3 ’ 2 8 3

True solution : Xj=

KEEMEBEEE H25% ¥ 358 19884 OF

4.374, X,=3.808, f———4 815
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Table 2 Results for test problem 2
Serime| sumr | tsm | stam | Seine| syt | TsM | spam
X, 0.5 0.843 0.808 0.808 | 5. 0 0.807 |  0.808 | 0.808
X, 0.5 0.531 0.589 0.589 ‘ 0.59 |  0.589 | 0.589
f 0.0571 0.0409 0.0409 | 0.0409 E 0. 0405 : 0. 0409
CPU(sec) 1 13 2| 1 % | 2
True Solution : X;=0.808, X,=0.589, f=0.0409
Table 3 Results for test problem 3
Starting Starting , |
point SUMT TSM SLAM point SUMT TSM | SLAM
X 0.75 0.866 | 1.0 0.968 0.75 0.886 1.0 0.974
X, ; 0.75 0.211 0.0 0.0 0.75 0.238 0.0 ] 0.0
X } —0.375 —1.0 —0.947 —0.980 | —0.75 —1.0 —-0.947 | —0.974
Xy . 1.3125 1.1 1.05 1.05 1.3125 1.08 1.05 1 1.05
f : —4.09 | —4.792 —4,795 —4.1 —4.790 ’ —4.795
CPU(sec) | 8 | 9 4 6 12 4
True Solution : X1=0.974, X,=0.0, X;=—0.974, X.=1.05, f=—4.795
Table 4 Results for test problem 4
Starting | g\ } TSM SLAM | Starting | gyt TSM SLAM
point point
X, 0.001 | Diverge |  0.669 0.670 | 0.001 |  0.629 0.670 0.670
X, 0.001 | 0.0 0.0 | o0.001 i 0.0 0.0 0.0
X3 0.001 —0.671 —0.670 | —0.50 ! —0.708 —0.670 —0.670
X 1.051 1.05 1.05 1.051 1.05 1.05 1.05
f —2.795 —2.795 —2.787 —2.795 —2.795
CPU(sec) | 18 4 | 3 16 4
True Solution : X;=0.670, X»=0.0, X;=-—0.670, X4=1.05, f=—-2.795
Test problem 3 - 1.05<<X,<<2
F(X)=— {(X;—1)#xsin Xy (X, — X3) 42} X %24 Xoxx2 -+ Xk 24 X 4522
subject to Test problem 5 :
0<X,<1 F(X)=— XXX,
0=<X,<2 subject to
—1<X,<51 0<X,<20
1.05<5X,<2 0<X,<11
Xpaea2 4+ Xokx2 - Xgew 2+ X wx2 <3 0<X5<<42
X+ X+ X+ X X+ X X+ Xpx Xy <2 Xi+2(X+X,5) <72
Xo#x2— X X+ X2+ X 25 Xy — X v X256 3.2. Flexible Tolerance Method22] 4% H|IT
Test problem 4 : ul Ay HAE EAo] =3 o] o] &5 & Flexible
F(X)=— [(Xi— D#rsinXo+ (X — X ) #x2} Tolerance Method (FTM) & 452 w z3lr] 23
subject to HZol wuE =E6IA dF9d A4 88 £
0=<Xx,<1 Aol st Al A AR 3 A% Table 6,74 e+
0<X,<2 W o
—1<X:<1 A dESHA gold z FFAYLT A2y F£E
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Table 5 Results for test problem 5
] Starting | gy TSM SLAM | Starting | gyt TSM SLAM
point p01nt
X 18 20 20 20 20 20
X, 10 10.617 11 11 11 11
X, 16 15. 383 14.93 } 14.67 14.83 15
f —3,266 —3,285 —3, 300 | —3,228 —3,263 | —3,300
CPU (sec) 1 4 3| 3 6 3
True Solution : X;=20, X;=11, X3=15, f=-3,300
Table 6 Results for test case 1
S?git;‘;g FTM* | SLAM { St;;itril‘tlg FTM* | SLAM

X, 5.0 0.998 \ 1.0 ~5.0 100l 1.0

X, 5.0 4.739 | 4.743 —5.0 4.693 \ 4,742

X, 5.0 3.826 3.822 —5.0 3.885 | 3.824

X, 5.0 1.380 . 1.380 ~5.0 1.369 | 1.379

f 17.018 | 17.014 17.019 ‘ 17.014

CPU(sec) 5.89 \ 4 ! 4
Table 7 Results for test case 2
Stggitr‘lftlg FTM* | SLAM ! St;(‘;itx‘l‘t‘g FTM* SLAM

X 5.54 5.100 | 4.611 1 1.0 | 5.279 4.616

X» 440 | 4,282 | 5.038 | 1.0 | 4.668 5.028

X, 12.02 1 10.229 | 8.352 | 10.0 | 10.425 8.366

X, .82 | 11.470 : 16.990 | 10.0 ] 12.129 16.967

X 0.702 0.805 | 0.724 | Lo | 0.7 0.724

X, 0.852 | 0. 886 0.867 | L0 | 0.879 0.868

f Co1s0 13089 135.08 130. 89

CPU(sec) | 7.21 2 | 16.5 4

s« 22EL (Blow ol A

Test Case 1,29 #34 F3& F2E4(6]9 No.l,20] & <.

99 ot} Sequential Linear Approximation Method+= 4.1. MNAE BH
FTMo) u]shed olst4 o 91"* 2 A A R Z7] el
wetrebs =24 wekA &9k .

o] Aroll A B ubgh 7tol SLA\I > SUMT, TSMej u] (FURTRANA» SUM 2ot | sLaM Pre
QA A LA ARG, QBAAA $asx FIMa IO R N
WA d#Ael dE Ao @ asisieh, B o

FORTRAN s i N

N Program A | mizatisn Reutine]

4, EH™sg A Mg O o . /
l N

SLAM 79 % o] 847 2astx ddeA A&T | rwm compilation
2 91w % SLAM~ W A447 )% FORTRAN o & Program RUN
o]z wask: Y% Pre Compiler® [7)3 Z-& % -
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4.2, SLAM 21 28 o

dl2H4 “3.17l A ThF e
Zoll 1 Test Problem 1€ SLAM 7|4 F L] & o
Fotd vhgge] uad g

3t
it

obel el A »E

T

X1
0.437536E+401

ul9} zFo] FORTRAN <le] ot

o] T 4
9l ov SLAM Compiler

SLAM alo] & 7o) AL &%
7t FORTRANe 2 #dsts 3Ee 284 lined
“BEGIN”# 12415 line] “SOLVE” Alole] =nE
statemento] o}, 4# 4] line?] “UNKNOWNS” ¢

£ 4749 parameter® 7bY AAMSE Aot 2

+o44 4% £

A28 ¢ 4 gl

PROGRAM HILL2
ION 0.01
7.0, 0.4, 0.0
1.0, 0.4, 0.0
-2.236, 0.4, -

1-X24%2 . G
F=—SQRT (25- (X1-5)##2-(X2-5)4$2)

, 10.0
, 10.0
10.0, 20.0
£ 0

END
TEXTEND
RESULTS

X2 F
0.380738E+01 -0.481542E+01

PROGRAM HILL2
EXTERNAL ¥1

DIMENSION OPTX1 ( 3),0PTDL ( 3), OPMIL ( 3),0PMAl ( 3), OPSP1 ( b54)

[}
]
ot
=]
)

=)
=)
==
=
L LU L T C O L T (O I A L 1
A —RI "OQ——-Q_C\I
o

3,0PTD1 ,OPMI! , OPMAL , OPTYER, OPTOPT, OPSP1 )

ELSE IF (OPTOP
WRITE (. %

%
0PT
T. ) T
§ + DNE XMIN GE. XMAXttt'
WRITE (#.%) OPT
T.
b4
T

TOP

ELSE IF (OPTOP
WRITE E‘ tg
gRlTE op

H 1.E30} THEN
0 SOLUTION FOUND ++t+°

DIMENS 3

Fig. 2 Program list compiled by SLAM-pre compiler
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A s parameters 2 AA#Eg 7%, FHAS
Z7] step size, A WA A e H2FgH A e
vebd e, $9] diel A dAEF X8 A4E 28
0.4, H3k 0.0, 2z 10.0

7.0, =] step sizet™

o

277<T:

o &3 A AH 2744 JH
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A

TRAN <o & 4~ ¢l o.v} FUNCTION Callgt
3 45 o} (SUBROUTINES- & &5 A 114
line®} “MINIMIZE F’= 5# 3 F& F _/tﬁ}isl—ﬁi
12494 line “SOLVE”S£4 SLAM A &Ho| Edrie

A% ZAG k. 2 o F9 lined F4H < FOR-

A8

ol Q.
it

alrg AAMs A HE AdzAL Add TRAN Statemento] ¢},

= | WA parameter2X 7twhd] gej= ok 844 line o] ol A A3t uhe} o] SLAM <ol & AH83}A
s “SYSTEM e} A ¥e& 2A%4 4 A¢zAa4 e 9 4AHs5e] 92 dimension statement= .88l
AYst=r 2T £AE Ay HEEY FOR- =, 4AMSd i AdzA4= 193] 2AE F

YMSDL=VKTSDL#0, 51444

REV=RPM/60

REaL R REDUEB CM, XLCB, PMCR SAL!N TEMP ANZP, ANZB, RMAT, FXAV, REV, DIAMOT

IRE?%UR TbCoR @Fcbk SEAMAR, ETAT, ENGMA , cwp TRIM, ABT, HB SAPP EfPE?)

2 DIAMST, DIAMDL, DIANMI, IAMMA VKTSST, VKTSDL, PODST, pbDD

3 AFADST, AEAODL, TRSTST TRSTDL, WFST, anL TnsT DL

DIA ST, DIAMDL, DlAMMI DIAMMA

VNS, YMSST, vhSDL, 3.0, 20. 0

POD, PODST, PODDL, 0 35,1.4

AEAD, AEAOST, AEADDL, 07 35,1, 0

TRST, TRSTST, TRSTDL, 5. 0, 5000. 0

wF, wisT, wFDE, 000,10

D, ¥DST, TDDL, 9.0, 1.0

YSTEM
W LE. DIAMOT#T

TD=HOLTTD (RLWL, B, T, CB cn DXAM IFIX ANZP1D.5 ): 1. +TDCOR/100, )

TRST=HOLTRS (RLWL, B, T TR ABT,HB, EIPKZ, RLR, XLEB,

1wssu1 ﬁw §1+mrm4 )(14m

WF=HOLT ] wFr h T cB cu DIAM, STOT, TRIM, CVA, IFIX(ANZP40.5))

% +

AEAQ= >L1 3+u 3:AN2% *TRST/ANZP/(69 1% (0, 954T-0. 5¢DIAM\+100 - A

1 g IAM#DIAM%+U b 3 TRMAT-ANZP) ) /FK

TRST DICHTE(SALI #REVAREY4D1AMe$4s C(AEAO,POD

VMS# 5 -WF% REV#DIAM% IFIXEANZB%U 56&#A 7P

PMCR s 28 *DICH §SALIN}#R V:*s* TAM&#54T CC&AEAD POD,

1 VMSs (1. -WF)/ E (ANZB+ 0, g):A

2 T, RESAEAO CB, CH, XLCB, POD IFIX ANZP10.5))# (1. +SEAMAR/100. )

2 ;ETAT/ErhMA

c MIN MIZE PMCR

S=VMS/0. 51444

CALCULATION RESULTS OF RESISTANCE
WAKE FRACTION AND THRUST DEDUCTION

SPEED OF SHI § %
EFFECTIVE HORSE FOWER(PS)
RESISTANCE§

WAKE FRACTI0

THRUST DEDUCTION CTOR
RELATIVE ROTATIVE EFFICIENCY

CALCULATION RESULTS OF
PROPELLER DIAMETER AND SPEED OF SHIP

EONTINOUS RATING PS
OPTIMUM PROPELLER DIAMETER
PITCH/DIAMETE

EXPANDED BLADE AREA RATIO

S
b

o =1

[—=1—T-1—F—1-—Ja<P "N

o LT LTI

N O -3 NH O

ol
Tom DD e D

Fig. 3 Listing of the SLAM-program for optimization of propeller principal dimensions and ship’s speed
of 31.5K bulk carrier for given engine power and propeller RPM
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Jgeod, EHTFS ARzAAE Fledd 2 40 Dp)
THIEE A ol &R zZrad s FAT 5 o714,
9l ok, J=Vx(1—w)/(zxDp)
Fig. 2ol = 919 ¥4 & SLAM-Pre Compilerz4 PMCR=#2rnsn++3xDpxx5xKQ (J, AE/AO, P/
Compiling3t ¢ 7} vrebvt 9l o), Dp)
AE/AO=(1.3+0.3+2)+(RT/(1—£))/ ((Py—Po)*
5. Z2He 2H FeI|+ HIY Dpxx2) +K
A7 A,
Z4A) DA A A Fe 5, Frla upd g Z  No. of propeller blade
AL FlFE o Hze 5288 7= =ualgy 3 Py Static pressure at shaft center line
H F9 A5 SLAM 7| ¥ & o] &£3lq t}et o] P, : vapour pressure
A4, K 4%
5.1. 2de =4 st EA
given [ engine power (=PMCR), rpm (=n) maximize V
results | Optimum propeller diameter (=Dp), I, AAFAEAAF)T 4ol T2 o] 3ol m R
Pitch(=P), blade area ratio(=AE/AO) A AR e w4y HAds S 3
and maximum speed of ship (= V) Hr},
design model : 5.2 Z2HY FF Feis AF =z 4l ¥
F8e BE AY(=RT), VFAF(=w), 47 =
A e (=) 5 =258 a&u % Holtrop and Men- Fig. 3ol SLAM 72 o] 83 =z o) 1}5}

nen Wy o2 Fogx, Zole FaF AAdE v 9o oF olgdd DWT 31,500wn% bulk
Wageningen B-series =22 A @Ast2 o] &3} carrier®] #A Zaale] FoAFE ALY o & @)

o, omd Haw 13131, AE/AO= Keller?] cavitation FEIGA. Fmr o] ALY A Zuaive &

AR 7 EE o sstd . 224 4 £¥8 Dp=5.7m, P/Dp=0.84, AE/AO=
BV EAE A e e g 0.62, V=14.2ktso| 9] v},

AA W Dp, P, AE/AO, V AAAT ] vben 4448 Fredg g4 zza

T3 %4 PMCR, = £} Aol AL ¥ 4 g4 o) & Kellerd] cavi-

A g z71 4 tation?] & o] §-3be] AlA® AL AU s AF R

RT/(1—t)=gxnwx2:Dpsxdx KT(J, AE/AO, P/ Hh otz s w Fojr),

N

WF HOLTWF&RLWL, T%CB CM, DIAM, STOT, TRIM, CVA, IFIX, (ANZP+0.5))

OR/1
*TRST/ANZP/(69 31%(0, 354T-0. S#DIAHVIUO.

C AEAO é(l 310, 3%ANZ
C IAEAO DAY FD TEMP) ) #DIAM#DIAM) 1+ 0. 05% (3. +RMAT-ANZP)) /FKA

e

R e g e L L S s s e 2ol 2t T
CALCULATION RESULTS OF
PROPELLER DIAMETER AND SPEED OF SHIP
sererktd bttt bi Rttt e bR ek bt d

SPEED OF SHIPéKNOTS% 14.182
EFFECTIVE HORSE POWER(PS) 4223.365
PROPELLER RPM 1060.000
PROPELLER EFFICIENCY 0.550
MAXIMUM CONTINOUS RATING PS& 8150. 000
OPTIMUM PROPELLER DIAMETER (M) 5.833
PITCH/DIAMETER 0.769
EXPANDED BLADE AREA RATIO 0.620

Journal of SNAK, Vol. 25, No. 8, September 1983
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BEG

IN

REDUCTION REDUC
REAL DW.VMS.T.VOL.TRIM,EIPK2,RLR.SALIN.TEMP.RTCOR. TDCOR.

R =0 1 1) e

ABT.HB.SAFP,

RLST.RLOL.RLMI.RLMA.BST.BDL .BMI.BMA.CB5T. CBMI.CBMA
DST.DOL.OMI.DMA, WLSST,WLSOL,COSTST.COSTCL, 1 =0L.

WFCOR, SEAMAR . ANZP . ANZB, RMAT . FKAV . REV. DIAMOT . ETAT, ENGMAR
.DIAMST.DIAMOL .DIAMMI.DIAMMA, PMCRST . PMCROL,PODST,PODOL.
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Fig. 4 Listing of the SLAM-program for optimization of bulk carrier
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given : Deadweight(=Dw), Hold Capacity (= Vol),

Speed of Ship(=V), Draft(=T), Propeller
rpm (=n)
Results :

L, B, D, CB, Light ship weight (=WLS),
Engine Power(=PMCR), RT, Dp, P, AE/
AO, Cost
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PMCR)

Vol=Vol (L, B, D, T, Cb)

D> T-+Freeboard(L, B, D, T, Cb, Super
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