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This woirk examines the feasibility of appliying expert system principles
to ship structural design for production.

A brief study of existing design for production approaches is conducted
and two major shortcomings are identified. These relate to the ’black-
box' nature of current analytical approaches and their inability to

account for subjective aspects o

Expert system principles and their application to problems in marine and
welding techinologies are studied. The study has indicated that it is
feasible, in principle, to apply such technigues to ship design for

The thesis then outlines two pieces of software which nhave been
developed. 'SWES’, which 1is written in Fortran, is a pilot scheme to
test the application with respect to simple plate panels. Algorithms are
verified thirough simple checking. "Grillage’, which is further
developed from ’'SWES’, 1is based around a commercially available shelil

Finally, based on these algorithms and their applications, certain areas



ACKNOWLEDGEMENTS

The author wishes to thank:

- Professor G.J. Goodirich, Dr. R.A. Shenoi and other
o PP SO 1y L e 2 L P,
vepattment O1 ohlp oCience,

~ pProfessor R.A. Farrar of the Department of Mechanicail
and Dr G.L. Lovegrove of the Department of Electronics
[ R T
science,
Yoo yan st - s PRI ey ~1., e ] i P P4 [P [N P

-~ My inuim, WY Wite, i1y, ang imy ctiildiren NESSY  an
PREDE I R v a3 p b s miims e e I PR | P ey b e PO . T [ T DA - e o e
ei1g iess encouradment Ttney nave Jdiveh auring the pirepai



AN EXPERT SYSTEM IN SHIP DESIGN FOR PRODUCTION

ABSTRACT

ACKNGWLEDGEMENTS

CONTENTS

CHAPTER 1. INTRODUCTION

CHAPTER 2. DESIGN FOR PRODUCTICN

2.1 CONCEPT

2.2 REVIEW OF PREVIOUS APPROACHES

n
S
—
x>
-,

I
e
—i
4
(@]
o
pa
T
U
e
s
(@]
e
>
a

1
o

.2.2 PRODUCTION BASED APPROACHES

Ny

2.2.3 ORGANISATIONAL APPROACHES

2.3 SHORTCOMINGS IN EXISTING APPROACHES

CHAPTER 3. THE PROPOSED APPROACH

3.1 KEY AIMS

3.2 THE IMPLEMENTATION PROCEDURE

CHAPTER 4. THE IMPLEMENTATION OF EXPERT SYSTEMS

IN ENGINEERING

4.1 THE STRUCTURE OF EXPERT SYSTEMS
4.1.1 GENERAL

4.1.2 DECISION MAKING

N

O

15

15



N
Y

B
B

CHAPTER 5.

-

.1.3 CONFIDENCE FACTORS AND FUZZY LGGIC

B

.1.4 BAYES THEORY

B

EXPERT SYSTEM LANGUAGES

AN OVERVIEW OF EXPERT SYSTEMS 1IN

4.3.1 APPLICATIONS IN MARINE TECHNOLOGY
4.3.2 APPLICATIONS IN WELDING ENGINEERING

REQUIREMENTS FOR SHIP STRUCTURES DESIGN

THE APPLICATION OF EXPERT SYSTEMS T0

GRILLAGE STRUCTURE

GENERAL

SINGLE JOINT ANALYSIS

5.2.1 BACKGROUND

5.2.2 PROGRAM STRUCTURE
5.2.3 RUNNING THE PROGRAM
5.2.4 APPLICATION

GRILLAGE STRUCTURE ANALYSIS

5.3.1 USE OF COMMERCIAL SHELL

Ny

5.3.2 CRITERIA INVOLVED

5.3.3 THE PROGRAM STRUCTURE
EVALUATION OF THE PROGRAM

5.4.1 WELDING PROCESS SELECTION

5.4.2 APPLICATIONS TO GRILLAGE ANALYSIS

—

o

Ny
Y



SCUSSION

DI

GENERAL

ASPECTS OF DESIGN FOR PRODUCTIOCN

1.2

6.

R WORK

CONCLUDING REMARKS

CHAPTER 7.

<«
«©

REFERENCES

o]
=

FIGURES

S

Ju—.

APPENDICES :

[on]
N

i26

REPARATION DESIGN

[ 9

bk
(42]

—

SWES)

¢
N

SHIP WELDING EXPERT SYSTEM

~
v.

fap]

~—

"GRILLAGE’

L

-

162

PROCESS SELECTION

THE RESULTS OF WELDING

—
E.

~t

o
o]

LTS OF THE GRILLAGE ANALYSI



CHAPTER 1. INTRODUCTION

Ship design is a complex process in whichh a Yarge number o

pairameters are involved . As a result, a number o

example, the requirements reltated to a cargo ship design can inciude
criteria such as cargo hold capacity, cargo handling, maximum length,
size of crew, cruising speed and the minimum range of operation. Besides

breadth ratio, bulkhead arrangement etc must also be considered
Fuirther aspects needed to be taken into account are the stability,

on the scantling sizes and arrangement. The scantling sizes are normaily
calculated according to classification society ruies. However, tne
scantling arrangement can vary and depends on subjective decisions of

weight and hence the material cost.

always mean less production cost. Ti fore, in order to minimise the

production cost, the designer should alisc take into account the

procedure by which the structure can be easily produced. Th

mirnimisation of production cost is particularly important in the present



otal building cost of a ship can be split into a number of

components. It is evident that the steel cost, which inciudes material
cost 1s a dominant component of the total cost. As shown in Figure 1.1,
the steel cost of a container ship represents about 38% of the total

cost ~ material cost of about 13% and steel labour cost for constructing
the structure of about 26% . This labour cost is more than half of the
total labour cost. Figure 1.2. shows the steel labour cost as a

Broadly speaking, steel cost can be minimised by reducing the
the structure (material cost) and/or reducing the production
£

time (labour cost). Both can be acheived by following the concept of

'Design for Production’. In this concept, production criteria such as

for ’Design for Production’,

provided that data is available in an adeguately usable manner. However,
criteria of a subjective nature such as T feel......... " or

i\

"I think ......" are dependent on personal opinions and are more



sense. The present trend in analytical approaches is to bring

The application of expert system principles in ship design for
piroduction will be discussed in Chapter 5. The ultimate aim here is to
introduce designer’s opinions in the production cost analysis of a ship
structure. Such structure is constructed from a number of production
units each of which can be a grillage or combinations of a number of

o analyse the
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production cost of a grillage panel by employing a ’proper’ weiding
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process for every joint within the griilage.



CHAPTER 2. DESIGN FOR PRODUCTION

The concept of design for production which was introduced to the
shipbuilding industry in 1872 (2.1), is a wmethod involving the
interaction between design parameters and production c¢riteria for
producing an easy-to-fabricate design. Factors invoived in the
interaction between design and production are categorised as below.

A. Design parameters controliling the decision making in the design
process. These include thne weight of the structure which is an
important factor in determining the material cost and optimising the
deadweignt, the cost of production and reliability of the product.

B. sufficient information on midship structure configuration, fTrame

C.Information on yard facilities to enable them to be optimally
utilised, and production procedure to minimise tne work content
invoived.

Thus, the overall objective of design for production can be defined as:
" Design to reduce production cost to a minimum compatible with the
regquirements of the ship to fulfil its operational functions with
acceptablie reliability and efficiency” (2.2).



2.2 REVIEW OF PREVIOUS APPROACHES

2.2.1 ANALYTICAL APPROACHES

raction between design and production.

Moe,J. and Lund,S. (2.3) minimise the total cost of a tanker, by
optimising midship structure design with an emphasis on the
iongitudinal’s spacing and ship length. An example of the relationship
between the optimum jongitudinal frame spacing, producticn cost and ship

A more recent study of a similar natut
Keil,H. (1.1) in a practical shipyard environment. The study examined
aiternative designs for container ships as shown in Figure 2.2. In this
analysis, production time and cost are estimated from historical data
recorded in a shipyard. Based on such analysis, it has been shown that

Another approach for improving structural design from a production

hieved by Kuo,C. e 1. (2.4) using the production unit

ct
ar

viewpoint was aclh

method. This method is applied at the detail design stage where a number



g depending on individual design characteristics { in a manner
ial cost components), another approach treats
ixed vis—a-vis all designs. Based on this, wWinkile,

I1.E. and Baird, D. (2.7) developed a system to study the interaction

tength of Jjoint and the weight of steel. e length of joint itself can
be estimated from the existing ship data using statisticai methods., The
length of joint has been analysed by Brown,D. (2.8) as a function of
steel weight for several different types of ships. The results of this
analysis show that the minimum production cost can be achieved by
minimising the welding length , the structure weight and the number of

2.2.2 PRODUCTION BASED APPROACHES

In order to minimise production cost, a structure has to be designed

hiat it can be produced efficiently. This can be aci

ct
w

in such a way
by simplifying manufacturing procedures and maximising the automation

process. Following this approach, a large construction such as a ship



combination of a number of grillages. A grillage is a stiffened stee
structure wnich consists of plate and a number of transverse and/or

tongitudinal stiffeners. Appendix A discusses the shipbui

ating to simplifying manu

automation nave been introduced. They can be described briefly as

2 - Ao

A snhip structure can be divided into ti

iree zones, i.e. the hull

e machinery space zohe. The dimensions
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of the production units for each of these zones depen

of the work station (shop) in which these units will be co

gesigned and produced (2.10 and 2.11).

Fabrication of these standard production units can be accelerated
by using mechanisation along the production line. A number of machines

have been designed and installed for this purpose. In the prefabrication

1ine, activities such as loading parts, pre-positioning of plates and

a



and installed (2.13). This machine, &s shown in Figure 2.6.{a), consists
of a stationary part and a roller conveyer, which are operated by a
numerical control. The roller conveyer carries the plate panel and the
stationary part assembles and welds the stiffeners on to the plate
panel. The welding is carried out by a set of submerged arc welding

slotted into transverse stifferers as shown in Figure 2.6.(b). By using
this procedure, it is possible to handle about 78% of the total welding

n by automatic processes.
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Since a number of weiding processes may be capable of welding a
particular type of joint, both the welding cost and the welding time of
these welding processes could be important in the minimisation of the
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up to 30% by applying

single side welding processes, though the structure/production unit has
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2.2.3 ORGANISATIONAL APPROACHES

In order to produce a

4,

]

eing applied has also to be considered. This consideration requires
designers with adequate experience and sufficient information of ti
facilities and production procedure before a design appraisal or

production based design is started. Therefore, good communication

betweerr vairious departments in the shipyard is an important asset.

The provision of information to and from various departments

through a c¢omputer data base is shown in Figure 2.7. Each



‘

usei/department responds to enter new information and updates existii

vich it is concerned. Through this procedure, the system

introduced (2.24). This is built based on a set of modules as shown in
rigure 2.9. Each module consists of an information set supplied by a

information and responsibility of a department is

classified and described with regard to the vard organisation. To
support these a modern shipyard organisation was introduced by

e product work breakdown

into groups of products by similarities or common pirocesses based on t

ing zone as shown in Figure 2.10.
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2.3 SHORTCOMINGS IN EXISTING APPROACHES

From the three approaches discussed in the previous section, the

one of immediate concern to this project is the analytical approach.



This is because such an approach can be readily applied by a structura

designer as an integral part of the structural syrnthesis/analysis

Tne Tirst concerns the "black box" nature of computer atgorithms.

Because the analysis proce ations are hidden within the

[y

routine, many practising designers in shipyards are sceptical of the

orthcoming when new designs are being envisaged. This state of affairs

The second shortcoming concerns the range of factors considered in
the appraisal. Up to now only readily quantifiable and explicit
production criteria have been incorporated in the design for production

iteria which, at present, are
accounted for only by the designer’s and production engineer’s

o explicit place for such criteria in the



CHAPTER 3. THE PROPOSED APPROACH

3.1 KEY AIMS
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~ to incorporate subjective criteria and uncertainty

appraisal process,

- to study suitable welding processes for a particular joint

in order to achieve these aims, with

e above, it is necessary to consider the application of expet

3.2 THE IMPLEMENTATION PROCEDURE
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on a number of manageab
production units. These production units can be a grillage panel or are
constructed by combining a number grillage panels, called ’Semi block’
or 'Block’. Therefore, the net production cost can be calculated based

on the grillage cost.



Thus, the wWork

grillage panels

the analysis of
as a basic production unit. This analysis includes
welding process selection for each joint in a grillage and production
cost based on the selected welding process. The tasks involved in this
work are as follows
- Discuss the criteria involved in welding process selection, as
shown in Appendix B.
- Select the salient objective and subjective aspects of grillage
panels cost analysis.
- Build a Knowledge base (rules and data base) to analyse
production cost of a grillage panel
Compare and analyse the result against existing approaches.

14



CHAPTER 4. THE IMPLEMENTATION OF EXPERT SYSTEMS

IN ENGINEERING

4.1 THE STRUCTURE OF EXPERT SYSTEMS

4,1.1  GENERAL

An Expert System is a computer program tnat simulates the reascning
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crmance
an expert, a computer needs a l1ogical model of the problem, some
means of using this model to produce a set o
some inference procedures to uti

Lo hi e e e g e — -~ e
will emerge as a resuit.

The model is often called a knowledge base and the set of inference
procedures is called an inference engine or an interpreter. An
interface 1s also needed in order to allow the users to interact with
the expert system. The interface has two main functions. First, it gives

advice and explanation to the user and secondi:
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4.1.2 DECISION MAKING

ypes of decision making approach usually used in
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rt systems are: forward chaining, backward chai

For example,
rutei: if A then B
O 3 - L [ TPV S S Hi DUy -
fuiec. 11 B ana o wneh c
rule3: if E then F
) g ] ) . - - g vy - s - S DR i = e TN ~ P
A and 'C’ are the input requirements which are given by the user.
F JOR, b . - P [P 2 PRI Iy - - b L R
Therefore A’ and ’C’ are right. Since 'A’ is right then '8’ is right.
In the second stage, 'B’ and ’C’ are right then 'E’ is right. Finally
e - 3 k] S . PR PR b ) TR, - i N
because 'E' is right then ’F’ becomes the result.
Backward chaining method is used when the input requirements
produce various alternative deductions (hypotheses) in this decision

[eR
jo 4
ct
—h
-
C
=2
ct
=
G
{fr
(4]

—r
cr

requirements and the resuit/suggestion wil e arrive

[
w
Cr
pa—
j
+
—te
C
s

proven hypotheses. The following example demonstrates th

procedure of a backward chaining method:
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rutet: B is right if A is right

rule3: D is iight if € is right

ruled4: G is right if B and D are right

and ’C’ are entered as the given reguirements by the

user. The 'A’ condition corresponds to two hypothesis, ruiet and rule2.

hypotheses, ruletl, irule2, ruled. The decision can then be made through

the process as folilows

Ruletl is proved because 'A’ is right, then ’B’ is rignt.
Rule? 1is not proved because 'F’ is not right.

Rule3 is proved because 'C’ is right, then D’ is rignt.

the above approaches alone. Therefore, combining both of them 1is o
necessary especially when the backward chain rules are supported by

numerical calculations which are usually wiritten as a forward chaining

ruie. For example

ruled @ € is right if € = 5.5 {(backward rule)
rules : C = A+ 2.5
if A=z 1 then C z 3.5

4.5 > (forward rule)
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3 then C = 5.5
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e hypotheses in ruleb, i.e. "C is right”, can only be

following the decision trees until the oniy feasible alternative is
reached. Yet, in some cases, a number of alternative solutions may be
piresented. So, a 'best’ solution is chosen from them as the fTinal
decision. The "best" solution is the one with the highest degree of
i 2 b e f i e S e L m e e Y
CONT 1gence (or Ccontiaeince 1actof ).
4.%.3 CONFIDENCE FACTORS AND FUZZY LOGIC
A. CONFIDENCE FACIOR
. [N L oy e e e - - P T S A U C - SRR NN L. -

The confidence factor (CF) of a condition is a numbei in the
interval [0,1] obtained by subtracting the degree of disbelief (D0D) from
the degree of belief (DB). However, in some cases, the condition itself

ic degree of uncertainty (L), the evidence that the

condition is true. In this case, the confidence factor can be cobtained
from the relation;
CF = [C x DB} + [{1-C)xDD] T € D

rees of belief and disbelie

rtain condition. A value of [+1] indicates an

Cr
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absolutely believable fact while value of [0] indicates an absolutely

disbelievable fact (4.3). Both DB and DD might be determined by using



B. FUZZY LOGIC

logic 1is necessary for analysing conditions or facts which

— o Y TR -
is are those o©

‘maybe’, 'most’, ‘perhaps’, etc, which are neither absolutely right nor
wrong. In this case, a fact is analysed based on its relationship with
the absolute condition (right or wirong) which is called the ’reference
point’ or ’constraint’. The value of relationship of a condition with
respect to a reference point is called the ’'degree of membership’. This
is calculated according to a membership function which represents the
-elationship between the fact {(as a member) and the reference point. The
membership function can be determined either by statistical formulae or

by mathematical models depending on the conditions and tf

For exampie:
If a man with a height of 7 feet is " Tall " ( absolute) and a man with
a height of 5 feet is " Short " ( absolute), then a man with a heigh

utely "Tall" and nor absolutely

has a height that lies between both criteria. Thus, he is "Tall” with a
degree of membership of 50% or 0.5, or he is "Short” with a degree of

a

membership of 50% or 0.5. A similar appio: n be applied to evaluate
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other conditions such as a height of 6.5 feet or 5.5 feet. If the
degrees of membership for all conditions are stored in a set, catled a
fuzzy set, then the results can be displayed in & tabular form as in
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- g o e e e ) -k o = v . pm e e e e e e A - —~~ R A N . N B
expeit system, 1t may De necessary to construct a fuzzy set

more related fuzzy sets. There are two important algebraic operation

F e & 2 - - ~ 2 - - b - b] - - P o g . - P K
the condition of a mam 78 ’Tall’ AND ’Short’ then the man is of “Medium
~ S H - - ~ -~ - - — e e e LR o d i - - < m e e e @ e i
height’. In fuzzy set algebra operations this implies the intersection
b e o "-r,.'}'!“ R B L el PUP i s LA 1“(\”1\-_-;."\ Tl -~ S R . Y
petween tait ana Snort { Talil Short J. 1ne resuits are SMnoOwh an

The second operation mode is 'OR'. In the above example, if the
17 OR ’Short’ it would imply that

the man is ’not Medium height’. In this case, the 'not Medium height’ is

own

[44]
[44]

a union of ’Tall’ and ’Short’ ('Tall’\J’Short’). The resuits ar

The above examples demonstrate the means of constructing a fuzzy

set based on two fuzzy sets and the same concept can be extended to

20



such an approach can be applied to analyse the degrees of belief/dis

- - - ! - -~ - - ~ - - P - -~ PR -~ ORI - - PR
belief (DBs/DDs) of a set of alternative iresults for a given
- P S o - PR PR P - PR - - - - -y - $ o JORpT—. - N - g
aspect/criteria. Once tne DBs and DDs of the aiternative results upon

B

etational probabilities

events E and H with associated probabilities of occurence P(E) and P(H)
respectively as shown in the Figure 4.2.a. The sample space shown as
hatched indicates both events E and H occuring at the same time. It is

tear from the figure that probability of event H occuring provided

event E has occured is given by the expression :

P(HE) = P{H and E) e, (4025
P(E)

P(H and E) and P(E) can be obtained from the reiations:

P(H and E) = P(H) x P(EIH) P € <D



and

P(E) = P(H) x P(EJH) + P(not H) x P(E'not H) ....... {(4.4)

¥

Thus, the joint probability, P(HIE) can be written as

P(HE) = PEH) x POHY (4.5)
P(EIH) x P{H) + P(Enot H) x P(not H)
Similarly, the joint probability (P{H|notE), is given by
P{H|notE) = P(E notH) x P(H) . . {(4.8)
PE notH) X P{H) + P(EIH) x P{not H)
where P(H) is the probability of occurrence of event H
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uncertainty/evidence of the condition (C), as shown in expression (4.1).

ice, 1f the degree of belief, degree of disbelief and degree of

Since the CF of the first condition will be combined with the second

condition, which has degree of belief of DB(2), degree of disbelief of
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confidence factor, CF(1), the joint degree of belief, (DB(2,1)), degree
of disbelief, (DD(2:1)) and the degree of uncertainty of the second

degree of belief of the first and the second conditions, (DB{2,1)), 1is
DB(Z2{1) = DB{Z2) x CF{1) s e enea. (4.8)
[ DB(2) x CF{1)] + [ ©oD(2) x {(1-CF(1))]

DD(2)1) = BD(2) X CF{1
[ DD(2) x CF({1)] + |
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and the joint confidence factor is given by

CF(2'1) = [C2 x DB(2}1)] + [(1 - €2) x DD(2,1)] cee.. . (4.10)

The above theory can be extended to calculate the joint confidence

factor for more than two conditions. Further details of appiication of

this theory will be discussed in Chapter 5 and Appendix D.



4.2 [EXPERT SYSTEM LANGUAGES

al language group (4.6).

'LISP’ is the acronym for LISt Processing. It was invented by
McCarthy in 1860 for non-numerical computation (4.6). It is widely used
and is considered as a major advancement of expert systems in the United

0OPS83, according to the relevant purposes. in general, ti

advantages of LISP can be summarised as follows (4.6):

-~ Very powerful to manipu
- Data and program are treated in ti

represented as lists; thus it is very easy to make chal

oy
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alterations.

- The functions in such programs can recuisive

Fe unused lists are erased automatically by ti
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- Unfinished rules will be erased by the system.

- No standard procedure among the family.



numerical data. According to Adeli. H. {(4.6) the advantages of PROLOG
over most of the other languadges are
- It has its own inference engine,

- Limited in numerica

symbolic manipulation are involved. For developing an engineering expert
system both PROLOG and LISP may not be the most suitable languages, and

o Timitation in using variables type (character, string, integer,
real number, and array).

- Pascal supports recursion, because a subroutine may call itseif.

- It has the variablie-type pointer which makes it possible to define

a logical tree.
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¢’ Yanguage has been used in

shell which, in turn, has

4.3 AN OVERVIEW OF EXPERT SYSTEMS IN ENGINEERING DESIGN

Expert systems have been widely used in the field of engineering,
typically in Civil, Petroleum, Geology, Marine engineering and welding
engineering. The work in this report, however, will concentrate on the
appiications of the expert systems in marine technology and welding
engineering.

4.3.1 APPLICATIONS IN MARINE TECHNOLOGY

Within the marine field, there is wide scope for application of

expert system principles. Table 4.4 shows some of the problems that can



of expert systems nave been developed in the field of marine engineering
to analyse dynamic modelling (4.9), ship maintenance {(such as hull
maintenance and main engine fault diagnosis) (4.10) and logistic support
{(4.11). However, a few studies have been conducted to support marine
design related to the present work

The "Designer system” is an expert system supporting ship design
at the basic design stage where initial ship parameters i.e. the length,
bireadth, draft, depth, weight, approximate power, deadweight and centre
of gravity, are analysed. A data base, which contains the initial

etc.) and reliability. It also depends on the relaticonship between the
parameters involved. An example of the relationship of parameters
invoived i a ship design process is shown in Figure 4.3. The secon
development of the "Desigrer system” is the so-called "SERF system”
This system is developed based on a buiiding blocks apptroach where the
knowledge base analyses the possibility of alternative building blocks,

design. The user then has the ability to

assembling & number of the possible building b



Similarly, some expert systems have been developed to anaiyse
offshore structure design. An expert system has been developed which
could offer some intelligent assistance to the designer of semi-

jacket structures. In this system, the number of legs, ti
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appropriate design variable/criteria supporting the design process.
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the system to the computer aided design (CAD). Such
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and where spatial considerations are fundamental to tne design process
{4.18). Significant benefits are to be gained by utilising such
principles to support, for example, a container ship design which

requires to satisfy a broad range of operational and technical
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The above applications demonstrate that expert syst

are appropriate to analyse the design variables/criteria. However, the

present work integrates such design criteria with production criteria
including the analysis of welding process applications which are the
biggest part of the shipbuilding work.

4.3.2 APPLICATIONS IN WELDING ENGINEERING

To weld a joint, a number of activities have to be carried out

.

a joint. Every welding process has a specific application and must

Tulfitl a number of criteria to produce tf

and applied in order to calculate the welding costs (4.20). This system
considered the thickness, type and position of joint to select the right
welding process. Based on these and actual arc time {(burning time), the
welding costs are calculated

Another expert system in this area covers such aspects as: weld

—t

=

preparation, type of material and we
find a suitable process of welding, in particular, between two different

materials (4.21).

29



The University of Southampton has been conducting research in order

to choose a process for welding nuciear reactors, The system is
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ied on a set of specific criteria (in knowledge base) to

f every possible alternative welding process.

The best suggestion, of course, is the welding process which ha &
highest confidence factor {(4.22). "Expert-ease” is a general purpose
expert system shell, which has been examined in order to select the

selection, an expert system has been built in order to analyse the
problems relating to welding defects. This system was designed in the
context of metal inert gas welding (MIG) only. The system output deals

In a similar context, anotl ted Naval Expert
Welding Control System (NEWCS), has been developed with a view to
1 the welding in shipbuilding. This controls the welding during
execution; parameters include the frequency, amplitude, heat (current)

and travel speed ,etc. (4.25).

4.4. REQUIREMENTS FOR SHIP STRUCTURES DESIGN

/2]

As discussed in the above sections , the expert system principle is



capable of analysing problems in which the subjective criteria are

involved it addition to the objective ones. Both aspects will be taken

asking the user’s opinions. Such system has been applied to solve a

number of probiems including the engineering field.
In the engineering field, as mentioned in Section 4.3, systems have
been applied successfully in both design and production areas. Hence, it

in which a number of criteria need to be combined together.

The present approach, as mentioned in Chapter 3, is directed to
analyse the snip stru re design into wnich ship design and production
criteria will be taken 1into account. A number of decisions nave to be
made during the design process. Some of them should be decided by the

subjective and objective criteria in this present approacih is shown in
Figure 4.4, Thus, the application of the expert system is appropiiate to
assist the designer to make decisions. A number of requirements should
be fulfilled in order to combine the criteria and opinions into
decisions in design process. They can be listed as follows

-~ Maintain dialogue between the user and computer by asking the

T

opinion of the user on important aspects which have to b

decided.



tead of a single
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Apply the present approach to predict the production cost
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CHAPTER 5. THE APPLICATION OF EXPERT SYSTEMS TO GRILLAGE STRUCTURE

5.1 GENERAL

According to the requirements mentioned in Section 4.4, the

present approach will be applied to analyse the production cost of a
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part of ship structure.
of production units. The most basic units in a ship structure, as
explained in Appendix A are grillage paneis. There
f a ship structure can be predicted by analysing the production
i1lage. It can be obtained as a sum of the labour cost and
lated based on the stee]
weight and the stee
of cost comporents. The biggest component of this labour cost is weiding
cost, including the <costs of fairing and tacking and welding the
joints. The calculation of this cost is dependent on the welding process

used to weld the joints. Since there are a number of possible

Hence, the present approach initially aims to build an expert
system to select a proper welding process for every joint within a

grillage from a set of alternative processes and to calculate its

[oF]

welding cost. An expert system, called ’'Ship welding Expert System
(SWES), has been constructed as a trial to select a reasonable process
to weld a single joint. The main aim of this trial is to discover

whether an expert system is applicable to analyse the combined



n

Cr

subjective and objective criteria in order to support the decisi
making. This system was developed to be suitable to run on personal
computers and has written in Basic language. Due to the limited memory

available in this language, Fortran languadge was then used for the

development of the SWES system; this will be discussed in more detail in
Section 5.2
Further development of this led to the 'Grillage System’; Fortran

language was not used in this because it cannot easily handle complex

logic. Additional difficulties with screen handling, character input
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5.2 SINGLE JOINT ANALYSIS

5.2.1 BACKGROUND

As mentioned above, the SWES system was developed and applied to

.
1

(‘[v

obtain a set of suggested welding processes for a specific joint. Thes
are selected from a number of welding processes commonly used in the
shipbuilding industry. The can be categorised into four groups: Manual
Metal Arc (MMA), Metal Inert Gas (MIG), Submerged Arc (SAW), and Fusarc
processes. They are further classified on the basis of the diameters of
the electrode. The classification and the details of these processes

will be discussed in Appendix B.



the thickness of weld and the choice of welding position, i.e. downnand,
horizontal, vertical and overhead. Thus, based ofi these welding
positions and the five ranges of thickness of weld, the processes are
grouped and arranged to form a decision tree, as shown in Figure 5.1.

The decision tree is based on a score system. Each branch of the tree

that branch. For example, the score for a butt weld of a plate with
thickness between 5 and 10 mm carried out in a downhand position 1is
1+2+10 or 13. Similarly, the score for a Tee fillet between piates of
thickrness 5 and 10 wmim carried out, again, in a downhand position is
40+2+10 or 52.

Ornce the thickness and the position of a particuiar joint are known,
a set of alternative welding processes can be obtained from the decision

P

on the capabilities of the process and the user opinion on specific

- b -
'

Because the program is written in Fortran, the numerical answers
representing the user’s opinions upon the above aspects are reguired.
The CFs are calculated following the BRayes theory (formulae 4.7, 4.8,

4.9) based on both these answers and their capabilities data. These

welding processes are arranged in sequence to form a set of reasonable



suggested processes according to the values o

his set provides tf
welding processes according to the objectives of the joint and the given
opinicons. Furthermore, the decision of which process to use to we

joint s arrived at by the user subjectively. e wWe

the selected welding process. The weld metal volume is found from the
Tength of the joint and its edge design/preparation. The edge design of
a joint is determined according to welding reguiations, thickness of the
joint and the selected type of welding process. Details of this edge
design can be seen in Appendix B.Z.

Production time can be obtained by adding this welding time to the

proper arrvangement including alignment with the right gap). This fairing
and tacking time is dependent on the type and thnickness of the Jjoint,
and is taken from work study data (5.1).

After production time is obtained, the production cost can be
calculated by multiplying the production time by thne labour rate. The
labour rate may vaiy among yards; hence, it is designed as an input
data.



5.2.2 PROGRAM STRUCTURE

wiitten in Fortran. The knowledge base of this program is built

as
forward chaining rules and divided into three parts (stages) as shown in
the flow chart in Figure 5.2.a :

~-First stage: choosing the alternative welding processes.

-Second stage: processing the suggested weiding process.

~Third stage: calculating the production times and costs.
(a). First Stage

The main task at this stage is to decide the availablie and
appropriate welding processes applicabie for a particular joint, based
on its objective aspects including the geomelry and position. These

base 'Wi’. These possible processes are arianged and displayed as the
‘alternative welding processes’ set.

The alternative welding processes which are based on the objective

criteria defining the Jjoint






