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Optimisation Methods in Ship Design

Tanker Preliminéry Design - An Optimisation Problem with Constraints

(Ref: Swift et.al. S.N.A.M.E. 197h)

1. Introduction

The task of selecting the principal design characteristics of oil
tankers 1s formulated as a nonlinear optimisation problem with
constraints. Two optimisation methods are explored; an adapted variant
of the direct seerch by Hooke and Jeeves and a special version of the
S.U.M.T. method.

2. Aims

The aim of this work is to investigate the applicability of non-
linear programming methods to the ship design model. A relatively simple
mathematical model of an oil tanker design is constructed and attempts
are made to define an optimum vessel using non—lineﬁr methods.

-

3. Design Variables :
" These are defined as V/J L, B/T, L/B, L/D and CB which for a

fixed draught input define the free design variables as B, L, CB and

V. Certain limits are placed upon the range of the variables to comply

with certain design requirements.

L. Constraints

The variables are subjected to certain limits as follows;

Variable R B/T L/B L/D ok

Constraint ERPR=T103 . D0 = 3.0 W= "TT 14 0.5 - 0.86

In addition to these explicit constraints certain implicit constraints

exist because of freeboard, stability, roll period and deadweight requirements

(see sect. 8).
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2. Mcasure of Merit

The measure of merit used to compare alternative designs in this
study is Required Freight Rate (R.F.R.). The reasons for selecting
the criterion and the conditions which govern its use have been well

documented elsewhere. REF(1l). Note:

RFR = F (CRF) +¢C
A
Where F = ‘initial cost of vessel.
¢ = annual costs ince. fuel, Crew, insurance etc.
A = amount of cargo carried per annum.
CRF = capital recovery factor.

6. Design Procedure

Most design and cost relationshipsare extracted from published work
e.g. Mandel and Leopold (Ref. 2). This data is extended to cover present

design practice for vessels up to 500,000 tonne deadweight and CB'S up
to 0.88. |

Details of the design model are as follows:

The tanker operates on & round trip of 20,000 nautical miles under

conditions of unlimited cargo availability.

The power prediction data is based upon data from Silverleaf and
Dawson (Ref.3).

The steelweight is calculated using the equation given by Sato
(Ref. 4) and Buxton (Ref. 5).

For example, Sato's equation gave.
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Blability. 'The GM in the loaded condition is estimated as

GM = KB + BM - KG
= 0.515T + 0.0805. 32(( Jo 35 X (L/90»- 0.525 D
L 100

These estimates were taken from(Ref. 6)

T. Solution Methods

The version of S.U.M.T. implemented in the paper is that which has
been described in Part I (Sect. 5.6.1). In an effort to reduce the
computation effort involved in minimising the successive response
surfaces the authors introduced a scheme proposed by LUND Ref. (7).

In this scheme an exponential extrapolation is introduced after the

first two search cycles thus reducing total number of surface minimisations.

When implementing §,U.M.T. in conjunction with the direct search
\by Hooke and Jeeves difficulty was experlenced in keeping the step

'/’wldth adjusted so that the search does not leave the feasible space.

One course of action taken in an attempt to overcome this problem
was to reduce the step size. However this did not avoid an occasional

pass into the non-feasible region.

The final version tests to see if a constraint is violated. If
this is the case a corrective scheme is adopted to carry the search
back into the feasible space. If in the original step size & non-

feasible point is reached the step width is reduced.

This means that the S.U.M.T. can be used with confidence in the
neighbourhood of constraints since it is adapted automatically. With
this 'in-built' check it is possible to save some T cycles even to the
extent of letting r, = 0 from the start until a constraint is contacted.

The authors claim a two thirds saving of computing time

The constraints were expressed as follows:

0.35 = X, € 1.3 where X, = v/ T
2 $ x5 &3 s x, = B/T
(St s g & Tad Xy = L/B
0.5 < x, $0.86 x, = CB
xsélh ax =L/D
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GMyry § Mg (,rmx Where GM . = 0.0L4B.
S b2 (0.UB)2 _ ¢ 4085540
- g T 2

LIM

TLIM = 10 sec.

II‘bREQ N FbACT o = freeboard.

QS WP Wp = payload.

The last constraint is necessary to avoid negative payload and hence
negative RFR.

8.1 Step Widths & Termination Criteria.

The initial step width Ax search tolerances e used were:

xl x2 x3 _Kh Xs
Ax E)a ik 0.1 0.1 0.05 (B8
€ 0.005 0.006 0.006 0.002 0.01

8.2 Unimodality.

An investigation was carried out using several different starting
points to test for unimodality. The tests confirmed the generally held
belief that economic criteria in ship design show a flat, non-oscillatory
dependence on the design variables.

8.3. S.U.M.T. Versus AiD.S.

The ADS method only required sbout one third the number of trial
points of the S.U.M.T. This result cannot be generalized too far. The
relative advantage depends upon the fregquency of occurence of the
nesting correction at the boundary. It is probable that with more
complex objective functions and constraints. ADS would be less efficient
( then S.U.M.T. because of too meny nesting corrgctions. IR Ly || SR *5Ci¢
[ Hhae ose EOVMQAq CGN?LCﬂ Con S (AT ATS E s Y0 inl{mﬁiﬂ ro VC

: . _ L tal e ‘ W\
8.4 The Optimum Tanker @~ WF‘C-U‘S\\D\-‘Q SM[“('}‘WJ\ POF""-"-'

The design relationships were outlined earlier. Using a draught
limit of 44ft. the resulting vessel was obtained.

(a) With Sato's weight data and C

5§ 0.86
v/{L' = 0.h496 V = dlih
B/T = 2.99 B = 132
L/B = 6.41 L = 8Lk
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CP = 0.86 D = 6k
i = A E e P = k)
A = 120,500 SHP = 15800
DWT = 106 100 RFR = 10.79
WP = 100 000

(b) With Buxtons Data, CB.< 0.88
V/ L = 0.488 V = 1k.5
B/T = 2,91 B = 128
LT = 6.88 L = 881
Cq = 0.88 D = 63
L/D = 1k.0 T = Lk
A = 125,000 SHP = 17300
DW = 107,000 RFR = 11.3
wp = 101,000

It is interesting to note that the draught and C_ restrictions are
effective in both cases. As with other studies of thils nabure it will

be noted that the authors have expressed deadweight as the independent
variable.

This is the correct design procedure for unlimited cargo aveilability
ie to regard the deadweight as a residual value which is determined by
the difference between displacement and lightweight, which in turn are
derived from the optimal combination of main dimeggion.
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Fig. 7 Contours of the measure of merit function (R=acwal/optimal required freight rate) and
design constraints; V/v/L = 0.45; B/T = 2.91; L/B = 6.88
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Fig. 8 Conrtours of the measure of merit function (R =actual/optimal required freight rate) and
design constraints; V/+/L = 0.60; B/T = 2.91; L/B = 6.88
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Fig. 9 Coatours of lh'B measure of merit function (R=actual/optimal required freight rate)
and design constraints; V//L = 0.90; B/T = 2.91; L/B = 6.88
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- Fig. 10 Contours of the measure of merit function (R=actual /optimal required freight rate)
and design constraints: V/vL = 1.30; B/T = 291; L/B = 6,88
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