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This work examines the f e a s i b i l i t y of applying expert system principles 

to ship structural design for production. 

A b r i e f study of e x i s t i n g design fo r product ion approaches i s conducted 

and two major shortcomings are ident i f ied. These relate t o the ' b lack -

txwi' nature of current analytical approaches and the i r i n a b i l i t y lUo 

account f o r s u b j e c t i v e aspects of r e l a t i o n s h i p s between des ign and 

product ion parameters. 

Expert system p r i n c i p l e s and their app l i ca t i on t o problems in marine and 

welding technologies at'e studied. Tlie study lias indicated that ^ is 

feasible, in pr inciple, to apply such techniques to ship design hjr 

production. 

The t h e s i s then out l ines two pieces of s o f t w a r e which have been 

developed. 'SWES', which is w r i t t e n in For t ran, i s a p i l o t scheme to 

t e s t the app l i ca t i on w i th respect to simple p la te panels. Algor i thms are 

v e r i f i e d through simple checking. ' G r i l l a g e ' , which i s f u r t h e r 

developed from 'SWES', is based around a commercially available she l l 

and i s app l icab le to t y p i c a l ship structural gr i l lage panels. 

Final ly , based on these algorithms and their applications, certain areas 

f o r f u r t h e r work are i d e n t i f i e d . 
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CHAPTER 1. INTRODUCTION 

Ship design i s a complex process in which a large number of 

parameters are involved . As a r e s u l t , a number of f eas ib l e so lu t ions 

may be generated from a given set of requirements. These so lu t i ons have 

to meet the ship-owner 's requirements, operat ional c r i t e r i a and design 

c r i t e r i a . The ship-owner 's requirements depend on the ship type. For 

example, the requirements re la ted to a cargo ship design can include 

c r i t e r i a such as cargo hold capaci ty , cargo handl ing, maximum length, 

s ize of crew, c r u i s i n g speed and the minimum range of operat ion. Besides 

these, operat ional c r i t e r i a such as the fue l costs , crewing d e t a i l s , 

dura t ion of loading/unloading and design c r i t e r i a such as l eng th - to -

breadth r a t i o , bulkhead arrangement e t c must a l s o be c o n s i d e r e d . 

Fu r the r aspects needed t o be taken i n t o accoun t a re t he s t a b i l i t y , 

safe ty and s t rength of the ship. The s t rength of the ship i s dependent 

on the scan t l i ng s izes and arrangement. The scan t l i ng s izes are normally 

c a l c u l a t e d accord ing t o c l a s s i f i c a t i o n s o c i e t y r u l e s . However, t he 

scan t l i ng arrangement can vary and depends on sub jec t i ve decis ions of 

the designer. By choosing the optimum s t r u c t u r a l arrangement, i t i s 

possib le to reduce the mater ia l weight and hence the mater ia l cos t . 

Besides mater ia l cos t , the t o t a l bu i l d i ng cost i s also dependent 

on ( labour or) product ion cost . Reducing s t r u c t u r a l weight does not 

always mean less product ion cost . Therefore, i n order t o minimise the 

p roduc t i on c o s t , the des igner shou ld a l s o t a k e i n t o accoun t t he 

p r o c e d u r e by w h i c h t h e s t r u c t u r e can be e a s i l y p r o d u c e d . The 

min imisat ion of product ion cost i s p a r t i c u l a r l y important in the present 



economic c l imate which has led t o far greater competit iveness between 

shipyards. 

T o t a l b u i l d i n g cost of a sh ip can be s p l i t i n t o a number o f 

components. I t i s evident tha t the s tee l cost , which includes mater ia l 

cost i s a dominant component of the t o t a l cost . As shown in Figure 1.1, 

the s tee l cost of a container ship represents about 39% of the t o t a l 

cost - material cost of about 13% and steel labour cost for constructing 

the s t r u c t u r e of about 26% . This labour cost is more than ha l f of the 

t o t a l labour cos t . F igure 1.2. shows the s t e e l l abour c o s t as a 

percentage of the t o t a l labour cost f o r four d i f f e r e n t types of sh ip. 

I t can be seen from t h i s f i g u r e t ha t a reduct ion in s tee l cost can 

s i g n i f i c a n t l y a f f e c t the t o t a l b u i l d i n g cost . 

Broadly speak ing, s t ee l cost can be m in im i sed by r e d u c i n g t he 

weight of the s t r uc tu re (mater ia l cost ) and/or reducing the product ion 

t ime ( labour cos t ) . Both can be acheived by fo l l ow ing the concept of 

'Design f o r Produc t ion ' . In t h i s concept, product ion c r i t e r i a such as 

the yard f a c i l i t i e s , the product ion procedure and the bu i l d i ng method 

are considered together w i th the design c r i t e r i a in the design process. 

At present , there are three approaches fo r 'Design fo r P roduc t ion ' , 

namely a n a l y t i c a l , product ion based and organ isat iona l approaches. These 

approaches, which w i l l be d i scussed i n Chapter 2, c o n s i d e r t he 

i n t e r a c t i o n between design and product ion c r i t e r i a at d i f f e r e n t leve ls 

of o b j e c t i v i t y . Incorpora t ion of ob jec t i ve c r i t e r i a i s easy t o achieve 

provided tha t data i s ava i lab le in an adequately usable manner. However, 

c r i t e r i a of a sub jec t i ve nature such as " I fee l " or 

" I t h i n k " are dependent on pe rsona l o p i n i o n s and a re more 



d i f f i c u l t t o account f o r . 

Up t o now, sub jec t i ve c r i t e r i a have usua l ly been ignored in the 

a n a l y t i c a l approaches and have only been considered in an organ isa t iona l 

s e n s e . The p r e s e n t t r e n d i n a n a l y t i c a l a p p r o a c h e s i s t o b r i n g 

inc reas ing ly o b j e c t i v e , measurable parameters i n t o dec is ion making. Yet 

the most c r u c i a l design decisions depend on a des igner 's ( sub jec t i ve ) 

experience. Therefore, there is a need to cater f o r both the ob jec t i ve 

and, e s p e c i a l l y , the sub ject ive c r i t e r i a in an a n a l y t i c a l approach fo r 

'design f o r p roduc t ion ' . The p r i nc ipa l aim of t h i s work, as ou t l i ned in 

Chapter 3, i s t o examine these sub jec t ive c r i t e r i a as wel l as ob jec t i ve 

c r i t e r i a in an e x p l i c i t manner through the a p p l i c a t i o n of expert system 

p r i n c i p l e s . D e t a i l e d exp lana t i ons and t he a p p l i c a t i o n o f such an 

approach in the engineering f i e l d w i l l be discussed in Chapter 4. 

The app l i ca t i on of expert system p r i n c i p l e s in ship design fo r 

product ion w i l l be discussed in Chapter 5. The u l t ima te aim here i s to 

in t roduce des igner 's opinions in the product ion cost ana lys is of a ship 

s t r u c t u r e . Such s t ruc tu re is constructed from a number of product ion 

un i t s each of which can be a g r i l l a g e or combinations of a number of 

g r i l l a g e panels. Therefore, the purpose of app l i ca t i on is t o analyse the 

product ion cost of a g r i l l a g e panel by employing a 'p roper ' welding 

process f o r every j o i n t w i t h i n the g r i l l a g e . 



CHAPTER 2. DESIGN FOR PRODUCTION 

2.1 CONCEPT 

Ttie concept of design for production which was introduced to the 

shipbui lding industry in 1972 ( 2 . 1 ) , is a method i n v o l v i n g the 

i n t e r a c t i o n between design parameters and p r o d u c t i o n c r i t e r i a f o r 

producing an easy - to - fabr ica te design. Factors involved in the 

i n t e r a c t i o n between design and product ion are categorised as below. 

A. Design parameters c o n t r o l l i n g the d e c i s i o n making i n the des i gn 

process. These i nc l ude the weight o f the s t r u c t u r e which i s an 

important f ac to r in determining the mater ia l cost and op t im is ing the 

deadweight, the cost of production and r e l i a b i l i t y of the product. 

B. S u f f i c i e n t in format ion on midship s t ruc tu re con f i gu ra t i on , frame 

spacing, f a b r i c a t i o n cost, scant l ings of working u n i t , s i z e and 

connection type. 

C. I n f o r m a t i o n on yard f a c i l i t i e s t o enab le them to be o p t i m a l l y 

u t i l i s e d , and p roduc t i on procedure to minimise the work c o n t e n t 

involved. 

Thus, the ove ra l l ob jec t i ve of design fo r product ion can be defined as; 

Design to reduce product ion cost to a minimum compatible w i th the 

requi rements o f the ship to f u l f i l i t s o p e r a t i o n a l f u n c t i o n s w i t h 

acceptable r e l i a b i l i t y and e f f i c i e n c y " ( 2 .2 ) . 



Various approaches have been t r ied to achieve this objective, which 

can be categorised under three headings: analyt ica l , production based 

and organisational approaches. 

2.2 REVIEW OF PREVIOUS APPROACHES 

2.2 .1 ANALYTICAL APPROACHES 

Several analytical based approaches have been developed to study 

q u a n t i t a t i v e l y the interaction between design and production. 

Moe,J. and Lund,8. (2.3) minimise the to ta l cost of a tanker , by 

o p t i m i s i n g midship s t r u c t u r e des ign w i t h an emphasis on the 

longitudinal 's spacing and ship length. An example of the relationship 

between the optimum longitudinal frame spacing, production cost and ship 

length i s shown in Figure 2.1. 

A more recent study of a s imi la r n a t u r e has been conducted by 

Keil ,H. (1 .1) in a practical shipyard environment. The study examined 

a l t e r n a t i v e designs f o r container ships as shown in Figure 2.2. In th is 

analysis, production time and cost are estimated from h i s t o r i c a l data 

recorded in a shipyard. Based on such ana lys is , i t has been shown t ha t 

improvements in structural design could reduce the labour cost by up to 

5%. 

Another approach f o r improving s t r u c t u r a l design from a production 

viewpoint was achieved by Kuo,C. e t . a l . (2 .4) using the product ion un i t 

method. This method i s appl ied at the d e t a i l design stage where a number 



Whereas the above studies (2.4 - 2.6) t reat overhead cost as being 

variable depending on individual design characterist ics ( in a manner 

similar to labour and material cost components), another approach treats 

overheads as being f i x e d v is -a -v is a l l designs. Based on th is , Winkle, 

I .E . and Baird, D. (2 .7) developed a system to study t t ^ interaction 

between p r o d u c t i o n v a r i a b l e s and design parameters th rough an 

opt imisat ion procedure. In th is system, the s t r u c t u r e is analysed 

according to a 'cost fac tor ' . This factor is calculated based on tota l 

production time and weight of ttie s t r u c t u r e . The study included an 

examination of a number of similar gri l lages which are structural ly 

equivalent. 

Production cost prediction can also be approached based on the 

length of jo in t and the weight of steel . The length of jo in t i t s e l f can 

be estimated from the existing ship data using s t a t i s t i c a l methods. The 

length of jo in t has been analysed by Brown,D. (2 .8) as a function of 

steel weight for several d i f ferent types of ships. The results of this 

a n a l y s i s show that the minimum production c o s t can be achieved by 

minimising the welding length , the structure weight and the number of 

p iece-par ts . 

2.2.2 PRODUCTION BASED APPROACHES 

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

in such a way that i t can be produced e f f i c i e n t l y . This can be achieved 

by simplifying manufacturing procedures and maximising the automation 

process. Fol lowing t h i s approach, a large cons t ruc t ion such as a ship 



has to be broken down into smaller manageable production units. As shown 

Figure ZLS, these production units can be blocks, semi blocks or 

panels depending on the building strategy and tlie f a c i l i t i e s available 

in the yard. Bas ica l ly , the production u n i t is a g r i l l a g e or a 

combination of a number of gr i l lages. A gr i l lage is a st i f fened steel 

structure which consists of plate and a number of transverse and/or 

longi tudinal s t i f f e n e r s . Appendix A discusses ttie s h i p b u i l d i n g 

strategies which are applicable in this context. Several production 

procedures r e l a t i n g t o s i m p l i f y i n g manufactur ing and/or maximising 

automation have been introduced. They can be d e s c r i b e d b r i e f l y as 

A ship structure can be broken down into a number of production 

un i t s which can be manufactured by using similar production methods and 

material so that tlie application of automatic processes or mechanised 

product ion l ines can be maximised (2 .9 ) . 

A ship s t ruc tu re can be d iv ided in to three zones, i . e . the hull 

zone, the deck house zone and the machinery space zone. The dimensions 

of the production un i t s f o r each of these zones depend on the f a c i l i t i e s 

of the work station (shop) in which these un i t s w i l l be constructed. For 

a given shipyard, these production units can easi ly be standardised, 

designed and produced (2.10 and 2.11) . 

Fabrication of these standard production un i t s can be accelerated 

by using mechanisation along the production l i n e . A number of machines 

have been designed and i n s t a l l e d fo r t h i s purpose. In the p re fab r i ca t i on 

l i n e , a c t i v i t i e s such as loading par ts , p re -pos i t i on ing of p la tes and 



sections, f a i r i n g , e tc . have been mechanised. These a c t i v i t i e s are 

supported by a matrix j i g f i t t e d to the working unit which can be 

rotated to avoid overhead and vert ical welding (2 .12) . 

In Japan, an automatic hull structure sub-assembly has been designed 

and instal led (2 .13) . This machine, as shown in Figure 2 . 6 . ( a ) , consists 

of a stationary part and a ro l le r conveyer, which are operated by a 

numerical control. The ro l ler conveyer carries the plate panel and the 

s ta t ionary pa r t assembles and welds the s t i f f e n e r s on t o the p l a t e 

panel. The welding ^ carried out by a set of submerged arc welding 

heads . Th^ machine can deal with production units (panels) up to 30 m 

long, 8 m wide and weights of about 30 tons. 

Tiie a c t i v i t i e s before fabrication of the production units such as 

p la te marking, cutting and forming can also be automated/mechanised 

individual ly. This means that more production steps can be mechanised. 

Bellonzi, R.J. (2.14) introduced a method in which a low-technology and 

labour i n t e n s i v e mechanisat ion i s employed i n a number of such 

production steps and shown that a s ignif icant reduction in product ion 

cost can be achieved. 

Another method to reduce the production cost ( 2 . 1 5 ) concerns a 

special f a b r i c a t i o n procedure in which the longitudinal s t i f f e n e r s are 

s l o t t e d i n t o t ransverse s t i f f e n e r s as shown in Figure 2 . 6 . (b ) . By using 

this procedure, i t is possible to handle about 76% of the tota l welding 

metal depos i t ion by automatic processes. 



Since a number of welding processes may be capable of welding a 

p a r t i c u l a r type of j o i n t , both the welding cost and the welding time of 

these welding processes could be important in the min imisat ion of the 

t o t a l product ion cost (2 .16) . The welding time is d i r e c t l y re la ted to 

the labour cost which can be a s i g n i f i c a n t p o r t i o n of the t o t a l 

product ion cost . I t has been shown in references 2.17, 2.13, 2.19, 2.20 

and 2.21 tha t the welding time can be reduced up to 30% by apply ing 

s ing le side welding processes, though the s t ruc tu re /p roduc t i on u n i t has 

t o be s p e c i a l l y designed f o r these w e l d i n g p r o c e s s e s . R e d u c t i o n i n 

welding t ime, however, does not always minimise the t o t a l product ion 

cos t . The cost o f the weld ing process shou ld a l s o c o n s i d e r e d . An 

appropr iate welding process should there fore be chosen in such a way 

tha t both the welding time and the welding cost are opt imised. The 

balance between these two fac tors w i l l be discussed in d e t a i l in l a t e r 

chapters. 

2.2 .3 ORGANISATIONAL APPROACHES 

In order to produce a 'good' design, the product ion technology 

being appl ied has also to be considered. This cons iderat ion requires 

designers w i th adequate experience and s u f f i c i e n t in format ion of the 

f a c i l i t i e s and p roduc t i on procedure b e f o r e a d e s i g n a p p r a i s a l or 

p roduc t i on based design i s s t a r t e d . T h e r e f o r e , good commun ica t ion 

between var ious departments in the shipyard is an important asset. 

The p r o v i s i o n of i n f o r m a t i o n t o and from v a r i o u s depa r tmen ts 

t h r o u g h a c o m p u t e r d a t a base i s shown i n F i g u r e 2 . 7 . Each 

1 0 



user/department responds to enter new information and updates existing 

data w i th which i t i s concerned. Through t h i s procedure, the system 

provides a set of up-to-date data which ^ important to the design 

process (2 .22) . Such information can be classi f ied into three specif ic 

levels of ship design i . e . : basic design, functional design and detai l 

design as shown in Figure 2.8, (2 .23) . 

Even though the organ isa t ion of one shipyard may be d i f fe rent to 

t ha t of others, the information systems in the various yards can be 

general ised. A ready t o use i n f o r m a t i o n system package has been 

introduced (2 .24) . This is b u i l t based on a set of modules as shown in 

Figure 2.9. Each module cons is ts of an in format ion set suppl ied by a 

p a r t i c u l a r department w i t h i n shipyard. 

The scope of in format ion and responsibil i ty of a department i s 

c l a s s i f i e d and described w^:h regard to the yard o r g a n i s a t i o n . To 

suppor t these a modern shipyard o r g a n i s a t i o n was in t roduced by 

C h i r i 1 l o , L . D . (2 .25 , 2 .26) where peop le , i n f o r m a t i o n and work are 

organised in the same way to exac t l y match the product work breakdown 

structure (PWBS) employed. PWBS is a method where the work is c lassi f ied 

i n t o groups of products by s imi la r i t i es or common processes based on the 

working zone as shown in Figure 2.10. 

2.3 SHORTCOMINGS IN EXISTING APPROACHES 

From the three approaches discussed in the previous sec t ion , the 

one of immediate concern t o t h i s p ro jec t is the ana l y t i ca l approach. 

11 



This is because such an approach can be read i l y appl ied by a s t r u c t u r a l 

des igner as an i n t e g r a l pa r t of the s t r u c t u r a l s y n t h e s i s / a n a l y s i s 

procedure. There are two main drawbacks in the a n a l y t i c a l based design 

for production approach tieb, 

The f i r s t concerns the "black box" nature of computer a lgor i thms. 

Because the analys is procedures and ca l cu la t i ons are hidden w i t h i n the 

routine, many practising designers in shipyards are sceptical of the 

r e s u l t s . This i s e s p e c i a l l y so when some o f t h e computed r e s u l t s 

challenge t r a d i t i o n a l l y held b e l i e f s . Acceptance is a lso slow in 

for thcoming when new designs are being envisaged. This s ta te of a f f a i r s 

has t o be r e c t i f i e d . 

The second shortcoming concerns the range of f ac to rs considered in 

the a p p r a i s a l . Up t o now on ly r e a d i l y q u a n t i f i a b l e and e x p l i c i t 

product ion c r i t e r i a have been incorporated in the design f o r product ion 

a lgor i thms. However, there are several c r i t e r i a which, at present , are 

accounted f o r on ly by the d e s i g n e r ' s and p r o d u c t i o n e n g i n e e r ' s 

exper iences . There i s no e x p l i c i t place f o r such c r i t e r i a i n the 

a n a l y t i c a l approaches. 



CHAPTER 3. THE PROPOSED APPROACH 

3.1 KEY AIMS 

Th is research has been d i r e c t e d towards d e v e l o p i n g a f r e s h 

approach to overcome the drawbacks ident i f ied in ttie previous chapter. 

The main aims of the proposed method are as fo l lows : 

- t o incorporate sub jec t i ve c r i t e r i a and uncer ta in ty f ac to rs in the 

appraisa l process, 

- to study suitable welding processes for a part icular jo in t 

according to both sub jec t ive c r i t e r i a and uncer ta in ty f a c t o r s , 

- to develop a method capable predicting production costs in 

context of design f o r product ion. 

In order t o achieve these aims, w i th a special emphasis on the f i r s t of 

the above, i t is necessary to consider the a p p l i c a t i o n of exper t 

systems. 

3.2 THE IMPLEMENTATION PROCEDURE 

As a ship i s a ' large s t r u c t u r e ' ; i t has t o be designed and 

produced based on a number o f manageable s t r u c t u r a l modules or 

product ion u n i t s . These product ion un i t s can be a g r i l l a g e panel or are 

constructed by combining a number g r i l l a g e panels, ca l led 'Semi b lock ' 

or ' B l o c k ' . Therefore, the net product ion cost can be ca lcu la ted based 

on the g r i l l a g e cost . 

13 



Thus, the work i s d i rec ted and concentrated on the analys is of 

g r i l l a g e panels as a basic production u n i t . This a n a l y s i s includes 

welding process selection for each jo in t in a gr i l lage and production 

cost based on the selected welding process. The tasks involved in this 

work are as f o l l ows ; 

- Discuss the c r i t e r i a involved in welding process se lec t i on , as 

shown in Appendix B. 

- Select the s a l i e n t objective and subjective aspects of g r i l l a g e 

panels cost ana lys is . 

B u i l d a knowledge base ( r u l e s and d a t a base) t o ana l yse 

production cost of a g r i l l a g e panel. 

Compare and analyse the r esu l t against e x i s t i n g approaches. 
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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 tha t s imulates the reasoning 

of a human expert in ce r t a i n domains (4 .1 ) . To simulate the performance 

of an exper t , a computer needs a log ica l model of the problem, some 

means of using t h i s model to produce a set of quest ions to ask and also 

some inference procedures to u t i l i s e i t s knowledge. A r e a l i s t i c answer 

w i l l emerge as a r e s u l t . 

The model is o f ten ca l led a knowledge base and the set of inference 

procedures i s c a l l e d an i n f e r e n c e eng ine or an i n t e r p r e t e r . An 

i n te r face is also needed in order to al low the users to i n t e r a c t w i th 

the expert system. The in te r face has two main func t ions . F i r s t , i t gives 

advice and e x p l a n a t i o n t o the user and s e c o n d l y , i t manages the 

knowledge a c q u i s i t i o n . Figure 4.1 shows the basic s t ruc tu re of an expert 

system. This expert system is a computer program fo r so lv ing problems 

invo lv ing knowledge, h e u r i s t i c s , and decis ion making and i t i s d i f f e r e n t 

from no rma l a l g o r i t h m p rog rams i n t h a t i t r e q u i r e s c o n t i n u o u s 

i n t e r a c t i o n between the user and the computer, as shown in Figure 4.2. 
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4.1.2 DECISION MAKING 

i t The th ree types o f dec i s i on making approach u s u a l l y used 

expert systems are: forward chain ing, backward chain ing and an approach 

combining both (4 .1 , 4 .2 ) . 

Forward chaining i s a method of producing a s ing le dec is ion to meet 

a set of input requirements. In t h i s method the dec is ion making process 

is divided int^ several stages. At each stage of decision making, a 

uyt La III c r i t e r i o n re la ted to the input requirements, i . e . ' r u l e ' , has to 

be sat is f ied. The f ina l decision w i l l therefore sat isfy a l l t l ^ input 

requi rements. 

For example, 

rule1: i f A then B 

ruleZ: i f B and C then E 

ruleS: i f E then F 

'A' and ' C are the input requirements which are given by the user. 

Therefore 'A' and 'C' are r ight . Since 'A' is r ight then 'B' is r ight. 

In the second stage, '6 ' and 'C' are right then 'E' is r ight . Finally 

because 'E' is right then 'F' becomes the result . 

Backward cha in ing method i s used when the i n p u t r e q u i r e m e n t s 

produce various a l t e r n a t i v e deductions (hypotheses). In th is decision 

making process a l l hypotheses have t o be checked a g a i n s t the i n p u t 

requirements and the resu l t / sugges t ion w i l l be a r r i ved at from those 

proven hypotheses. The f o l l o w i n g example demons t ra tes t he s o l u t i o n 

procedure of a backward chaining method: 
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ru le1: B is r i g h t i f A is r i g h t 

ru le2: G is r i g h t i f A and F are r i gh t 

ruleS: D is right i f C is right 

rule4: Q is r i g h t i f B and D are r i g h t 

Condit ions 'A' and ' C are entered as the given requirements by the 

user. The 'A' cond i t i on corresponds to two hypothesis, r u l e l and ru le2. 

The combinat ion o f 'A' and 'C ' c o n d i t i o n s c o r r e s p o n d s t o t h r e e 

hypotheses, r u l e l , ru le2 , ru les . The dec is ion can then be made through 

the process as fo l l ows : 

Rulel i s proved because 'A' i s r i g h t , then 'B' i s r i g h t . 

Rule2 i s not proved because 'F ' i s not r i g h t . 

Rules i s proved because ' C i s r i g h t , then 'D' i s r i g h t . 

Rule4 i s proved because 'B ' and 'D' are r i g h t , e t c . 

Then, the resu l t i s 'Q ' . 

However, not a l l the problems can be analysed by apply ing e i t he r of 

the above approaches alone. Therefore, combining both of them is o f ten 

necessary espec ia l l y when the backward chain ru les are supported by 

numerical ca l cu la t i ons which are usual ly w r i t t e n as a forward chaining 

ru l e . For example : 

ru les : C i s r i g h t i f C = 5.5 (backward ru le ) 

ru les : C - A + 2.5 

i f A = 1 then C = S.5 

i f A - 2 then C = 4.5 J ( forward ru le ) 

i f A - 3 then C = 5.5 
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In t h i s example, the hypotheses in ru les , i . e . "C is r i g h t " , can only be 

proved by the support of a forward chain rule (ruleG). 

The rules in the above example are based on deterministic facts or 

condit ions, so the answer to the problem can e a s i l y be obtained 

following ttie decision trees unt i l the only feasible a l ternat ive is 

reached. in some cases, a number of a l ternat ive solutions may be 

presented. So, a 'best ' solut ion is chosen from them as the f i n a l 

decision. Tl^ "best" solution is the one with the highest degree of 

confidence (or confidence factor) . 

4 .1 .3 CONFIDENCE FACTORS AND FUZZY LOGIC 

A. CONFIDENCE FACTOR 

Ttie confidence factor (CF) of a condition ^ a number in t t ^ 

interval [0 ,1] obtained by subtracting the degree of disbel ief (DD) from 

the degree of bel ief (DB). However, in some cases, the condition i t s e l f 

has a s p e c i f i c degree of uncer ta inty ( C ) , t h e ev idence t h a t t he 

condition is true. In th is case, the confidence factor can be obtained 

from the r e l a t i o n ; 

CF = [C X + [(I-C)XDD] (4 .1) 

where DB and DD denote degrees o f b e l i e f and d i s b e l i e f o f a f a c t 

per ta in ing t o a c e r t a i n c o n d i t i o n . A value o f [+1 ] i n d i c a t e s an 

absolutely believable fact while value of indicates an absolutely 

disbelievable fact (4 .3 ) . Both DB and DD might be determined by using 
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s t a t i s t i c a l formulation i f previous (recorded) data are avai lable. I f 

the support ing data are not ava i l ab le , however, i t would be necessary to 

obtain them (DB and DO) by applying fuzzy logic theory. 

B. FUZZY LOGIC 

Fuzzy logic ^ necessary for analysing conditions or facts which 

contain fuzzy relationship. Such conditions are those of 'probably', 

'maybe', 'most', 'perhaps', etc, which are neither absolutely r ight nor 

wrong. In t h i s case, a fac t is analysed based on i t s r e l a t i o n s h i p w i th 

the absolute cond i t ion ( r i g h t or wrong) which i s ca l l ed the ' re ference 

p o i n t ' or 'constra int ' . The value of r e l a t i onsh ip of a cond i t i on w i th 

respect to a reference point is called the 'degree of membership'. This 

is calculated according to a membership function which represents the 

relationship between the fact (as a member) and the reference point. The 

membership function can be determined either by s t a t i s t i c a l formulae or 

by mathematical models depending on the cond i t ions and the parameters 

involved. I f a number of conditions are related to a reference point, a 

set of 'degrees of membership' can be produced and th is i s called the 

"Fuzzy set". 

For example: 

I f a man w i th a height of 7 fee t i s " Ta l l " ( absolute) and a man w i th 

a height of 5 feet is " Short " ( absolute), then a man with a height 

of 6 fee t , i s ne i ther absolute ly " T a l l " and nor absolutely "Shor t " ; he 

has a height tha t l i e s between both c r i t e r i a . Thus, he is " T a l l " w i th a 

degree of membership of 50% or 0 .5 , or he i s "Short" w i th a degree of 

membership of 50% or 0.5. A s im i l a r approach can be appl ied t o evaluate 



other cond i t ions such as a height of 6.5 fee t or 5.5 f ee t . I f the 

degrees of membership for a l l conditions are stored in a set, called a 

fuzzy set, then the results can be displayed in a tabular form as in 

Tables 4 .1 .a and b. 

C. ALGEBRAIC OPERATION OF FUZZY SET 

To determine a degree of b e l i e f or d i s b e l i e f of a cond i t ion in an 

expert system, i t may be necessary to construct a fuzzy set from two or 

more related fuzzy sets. There are two important algebraic operation 

modes app l i cab le to manipulate such sets ( 4 .3 ) . 

The f i r s t operat ion is 'AND'. Considering the previous example, i f 

the condition of a man is ' T a l l ' AND 'Short' then the man is of 'Medium 

h e i g h t ' . In fuzzy set algebra operat ions t h i s impl ies the i n t e r s e c t i o n 

between " T a l l " and "Short" ( " T a l 1 " O "Shor t " ) . The r esu l t s are shown in 

Table 4.2. A s i m i l a r argument can be put forward f o r the cond i t ion "not 

Tal l" AND "not Short". 

The second operation mode is 'OR'. In the above example, i f the 

cond i t i on of a man i s now either ' T a l l ' OR 'Short' i t would imply t ha t 

the man i s 'no t Medium h e i g h t ' . In th is case, the 'no t Medium he igh t ' i s 

a union of ' T a l l ' and 'Short' ( ' T a l l ' \ J ' S h o r t ' ) . The r esu l t s are shown 

in Table 4.3. 

The above examples demonstrate the means of cons t ruc t ing a fuzzy 

set based on two fuzzy sets and the same concept can be extended to 
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const ruc t a fuzzy set from a number of sub-fuzzy sets. Consequently, 

such an approach can be appl ied to analyse the degrees of b e l i e f / d i s 

b e l i e f (DBs/DDs) o f a s e t o f a l t e r n a t i v e r e s u l t s f o r a g i v e n 

a s p e c t / c r i t e r i a . Once the DBs and DDs of the a l t e r n a t i v e resu l t s upon 

a l l given c r i t e r i a have been obtained, then the confidence fac to rs of 

these resu l t s can be ca lcu la ted . 

Formula 4.1 i s read i l y appl icable in the case of one c r i t e r i o n or 

cond i t i on . When two or more c r i t e r i a / c o n d i t i o n s requi res to be analysed, 

a j o i n t conf idence f a c t o r can be c a l c u l a t e d on t he b a s i s o f Bayes 

4 .1 .4 BAYES THEORY 

Bayes theory i s one way to ca lcu la te r e l a t i o n a l p r o b a b i l i t i e s 

associated w i th two or more events (4 .4 ) . Consider, f o r example, two 

events E and H w i th associated p r o b a b i l i t i e s of occurence P(E) and P(h') 

respec t i ve ly as shown in the Figure 4.2 .a . The sample space shown as 

hatched ind ica tes both events E and H occuring at the same t ime. I t i s 

c lear from the f i g u r e tha t p r o b a b i l i t y of event H occur ing provided 

event E has occured i s given by the expression : 

PCHIE) = PfH and E) (4.2) 

P(E) 

P(H and E) and P(E) can be obtained from the r e l a t i o n s : 

P(H and E) = P(H) X PtElH) (4 .3) 
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and 

P(E) = P(H) X P(E|H) T p(not H) x P(E|not H) (4 .4) 

Thus, the j o i n t p r o b a b i l i t y , P(H|E) can be w r i t t e n as : 

PCHIE) = PfElH) X PfHl (4.5) 
P(E|H) X P(H) + P(E|not H) x P(not H) 

Simi lar ly , the jo in t probabil i ty (P(H|notE), is given by : 

P(HlnotE) - PfElnotH) x P(H) (4.6) 
P(E|notH) x P(H) T P(E|H) x P(not H) 

where P(H) is the p r o b a b i l i t y of occurrence of event H 

P(not H) is the probabil i ty of non occurrence of event H 

P(E|H) i s the probabil i ty of event E which is re la ted to P(H) 

In the present work, tk^ above formulae are used to calculate the 

j o i n t confidence factor involving two c o n d i t i o n s . Tlie CF of an 

a l ternat ive result based upon a given condition can be calculated from 

the degree of be l ie f (DB), degree of disbel ief (DO) and the degree of 

uncertainty/evidence of the condition (C), as shown in expression (4 .1 ) . 

For instance, i f the degree of b e l i e f , degree of d i s b e l i e f and degree of 

uncertainty of the f i r s t condition are DB(i),DD(1) and (C1), hence, the 

f i r s t confidence f a c t o r , CF(1), is given by ; 

CF(1) = [C1 X DB(1)] + [(1 - C1) X DD(1)] (4 .7) 

Since the CF of the f i r s t cond i t ion w i l l be combined w i th the second 

condition, which has degree of bel ief of DB(2), degree of d isbel ief of 



DD(2) and degree of uncertainty of (C2), the jo in t confidence factor of 

these conditions, CF(2|1), w i l l calculated based on the f i r s t 

confidence f a c t o r , CF(1), the jo int degree of b e l i e f , (DB(2|1)) , degree 

d isbe l ie f , (DD(2|1)) ar^ the degree of uncertainty (yf the second 

condition, (C2). In th is case, DB(2|1) is calculated frxm the formula 

4 .5 , where the probabi l i t ies (P(H)) , P(E|H) and P(E|not H) ana denoted 

by tkm (CF(1)) , DB(2) and DD(2) respectively ( 4 . 5 ) . Thus, the jo in t 

degree of b e l i e f of the f i r s t and the second conditions, (DB(2 |1) ) , i s 

DB(2:1) = DBf2) X CF(1) (4 .8) 
[ DB(2) X CF(1)] + [ DD(2) x (1-CF(1)) ] 

S i m i l a r l y , the j o in t degree of d isbel ie f , (DD(2 1 ) ) , can be obtained 

from the formula 4.6 as : 

DD(2;1) = DDf2) X CF(I) (4 .9) 
[ DD(2) X CF(1)] + [ DB(2) x (1-CF(1)) ] 

and the j o in t confidence fac to r i s given by : 

CF(2;i ) = [C2 X DB(2:i)] + [ (1 - C2) x DD(2; i ) ] (4.10) 

The above theory can be extended t o c a l c u l a t e t h e j o i n t c o n f i d e n c e 

f a c t o r f o r more than two cond i t ions . Further d e t a i l s of application of 

t h i s theory w i l l be discussed in Chapter 5 and Appendix D. 
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4.2 EXPERT SYSTEM LANGUAGES 

There are th ree major groups of computer languages t h a t caii be useu 

to develop an expert system . They are LISP group, PROLOG group and 

procedural language group ( 4 . 6 ) . 

'L ISP' i s the acronym f o r LISt Processing. I t was inventeu by 

McCarthy in 1960 for non-numerical computation ( 4 . 6 ) . I t is widely used 

and is considered as a major advancement of expert systems in the United 

State of America ( 4 . 7 ) . LISP has been further developed into various 

f o rms , f o r example: ELISP, McLISP, F ranzL ISP , INTEn L ISP, OPaS and 

0PS83, according to the relevant purposes. In general, the features and 

advantages of LISP can be summarised as follows ( 4 . 6 ) : 

- Very powerful to manipulate symbolic expressions 

- Data and program are t r ea ted in the same way because both of tii«rii 

are represented as l i s t s ; thus i t i s very easy to ma^e changes oi 

a l t e r a t i o n s . 

- The func t i ons in such programs can recu rs i ve l y c a l l themselves. 

- The unused l i s t s are erased au tomat i ca l l y by the system; so, a 

programmer does not need to worry about the storage arrangement. 

- I t has simple syntax and i s quite easy to read. 

However, LISP also has some disadvantages such as : 

- I t has been designed primari ly f o r non-numerical ana l ys i s . 

- Unf in ished rules w i l l be erased by the system. 

- No standard procedure among the f am i l y . 

- I t needs a compiler t o compile the program. 
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'PROLOG' IS the acronym for Programming LOGic, which is a language 

based on formal log ic and is most popular in Europe. Although PROLOG is 

a versat i le language, l ike LISP, i t lias l imited power for processing 

numerical data. According to Adeli. HL (4.6) tlie advantages of PROLOG 

over most of the other languages are ; 

- I t has i t s own inference engine, 

- Easy to use, 

- I t has f a c i l i t i e s f o r error checking and debugging. 

However, i t does have the f o l l ow ing disadvantages : 

- Limited in numerical manipulat ion 

- Large memory requirement 

- Slow execution w i th many implementations of the language. 

The th i rd group i s procedural languages such as Fortran, Basic, 

Pascal and C. These languages are used i n t he deve lopment o f many 

engineer ing expert systems where numerical a lgo r i t hm ic computation and 

symbolic manipulat ion are involved. For developing an engineer ing expert 

system both PROLOG and LISP may not be the most su i t ab l e languages, and 

among popular a lgo r i thmic languages, Pascal and C might be the be t te r 

cand ida tes . The f o l l o w i n g features demons t ra te t he s u i t a b i l i t y o f 

'Pascal ' as a language t o support an expert system ( 4 . 6 ) : 

- No l i m i t a t i o n in using var iab les type (character, s t r i n g , in teger , 

real number, and a r ray ) . 

- Pascal supports recurs ion, because a subrout ine may c a l l i t s e l f . 

- I t has the va r i ab le - t ype po in ter which makes i t poss ib le to def ine 

a l og i ca l t r ee . 
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- Various type of va r iab les can be stored and lumped together . 

- B u t , a l l v a r i a b l e s must be d e f i n e d b e f o r e any e x e c u t e d 

statement. 

C also has a number of pos i t i ve features : 

- High performance. 

- A very e f f i c i e n t language 

( less memory space i s needed) 

- Good a b i l i t y f o r numerical manipulat ion. 

- Su i tab le fo r graphica l representat ion. 

Because of the above p o s i t i v e features , ' C language has been used in 

commercial app l i ca t i ons such as the ' C r y s t a l ' she l l which, in t u rn , has 

been used in t h i s work. 

4.3 AN OVERVIEW OF EXPERT SYSTEMS IN ENGINEERING DESIGN 

Expert systems have been widely used in the f i e l d of engineer ing, 

t y p i c a l l y in C i v i l , Petroleum, Geology, Marine engineer ing and welding 

engineer ing. The work in t h i s repor t , however, w i l l concentrate on the 

app l i ca t ions of the expert systems in marine technology and welding 

engineering. 

4.3.1 APPLICATIONS IN MARINE TECHNOLOGY 

Within the marine f i e l d , there is wide scope fo r app l i ca t i on of 

expert system p r i n c i p l e s . Table 4.4 shows some of the problems tha t can 

26 



be solved by the application of expert system principles (4 .8 ) . A number 

of expert systems have been developed in the f i e l d of marine engineering 

to analyse dynamic modelling ( 4 . 9 ) , ship ma in tenance (such as h u l l 

maintenance and main engine faul t diagnosis) (4.10) and logist ic 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 i n i t i a l ship parameters i . e . the length, 

breadth, dra f t , depth, weight, approximate power, deadweight and centre 

of gravity, are analysed. A data base, which contains the i n i t i a l 

dimensions of many e x i s t i n g ships, is used t o back up the system as 

comparative objects (4 .12) . 

The "Designer system" i s further developed along two l ines (4 .13) . 

The f i r s t concerns the app l i ca t i on of f ac to rs which are der ived from 

the nature of uncertainty in ship design (such as : specif icat ion, route 

e tc . ) and r e l i a b i l i t y . I t al&o depends on t l ^ relationship between the 

parameters i nvo l ved . An example o f the r e l a t i o n s h i p of parameters 

involved in a ship design process i s shown in Figure 4.3. The second 

development of the "Designer system" is the so -ca l l ed "SERF system". 

This system is developed based on a building blocks approach where the 

knowledge base analyses the p o s s i b i l i t y of a l ternat ive bu i l d i ng blocks, 

such as; double bottom, side s h e l l , decks, s te rn e t c . , t o support a 

des ign . The user then has the a b i l i t y t o " c o n s t r u c t " a s h i p by 

assembling a number of the possib le bu i l d i ng blocks together . 
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S i m i l a r l y , some exper t systems have been deve loped t o ana lyse 

o f fshore s t ruc tu re design. An expert system has been developed which 

cou ld o f f e r some i n t e l l i g e n t a s s i s t a n c e t o t he d e s i g n e r o f semi-

submersible rigs s t a b i l i t y (4 .14) . Recently, another system lias also 

been developed in order to support the pre l im inary design of o f fshore 

jacket s t ruc tu res . In t h i s system, the number of legs, the appropr iate 

p la t fo rm size and the framing systems are analysed (4 .15) . 

The purpose of the above app l i ca t ions are to decide a set of 

appropr ia te design v a r i a b l e / c r i t e r i a support ing the design process. 

However, the t rend of recent app l i ca t i on of expert system in tegra tes the 

knowledge base of the system to the computer aided design (CAD). Such 

Integration makes the expert system applicable for design purpose 

(4 .16) . Fol lowing t h i s p r i n c i p l e , Akagi e t . a l . ( 4 . 1 7 ) develops a system 

which ass is ts the ship-designer to opt imise the ship power p lant design. 

Recently, t h i s i n t eg ra t i on p r i n c i p l e i s also appl ied in order to analyse 

the ship hu l l form and to p red ic t the product ion cost in pre cont ract 

design stage (4 .18) . 

Expert system p r i n c i p l e s can be e f f e c t i v e l y a p p l i e d t o a des ign 

environment where there are a large numbers of va r iab les and parameters, 

and where spa t ia l cons iderat ions are fundamental t o the design process 

( 4 . 1 9 ) . S i g n i f i c a n t b e n e f i t s are t o be ga ined by u t i l i s i n g such 

p r i n c i p l e s t o support, f o r example, a c o n t a i n e r s h i p d e s i g n wh ich 

r equ i r es to s a t i s f y a broad range o f o p e r a t i o n a l and t e c h n i c a l 

cons iderat ions. 



The above app l i ca t ions demonstrate tha t expert system p r i nc i p l es 

are appropr iate to analyse the design v a r i a b l e s / c r i t e r i a . However, the 

present work in tegra tes such design c r i t e r i a w i t h product ion c r i t e r i a 

inc lud ing the analys is of welding process app l i ca t i ons which are the 

biggest part of the sh ipbu i l d ing work. 

4.3 .2 APPLICATIONS IN WELDING ENGINEERING 

To weld a j o i n t , a number of a c t i v i t i e s have to be ca r r i ed out 

i n c l u d i n g edge p r e p a r a t i o n , f a i r i n g and t a c k i n g as w e l l as w e l d i n g 

i t s e l f . There are a number of processes which might be ava i lab le to weld 

a j o i n t . Every we ld ing process has a s p e c i f i c a p p l i c a t i o n and must 

f u l f i l l a number of c r i t e r i a to produce the best r e s u l t . Some of these 

are s u b j e c t i v e in na tu re . Hence, the a p p l i c a t i o n o f e x p e r t system 

p r i n c i p l e s i s necessary. Based on t h i s , a number o f w e l d i n g e x p e r t 

systems have been developed. 

A general purpose s h e l l , ca l l ed "dayman CAMS", has been developed 

and appl ied in order to ca lcu la te the welding costs (4 .20) . This system 

considered the th ickness, type and pos i t i on of j o i n t to se lec t the r i gh t 

welding process. Based on these and actual arc t ime (burning t ime) , the 

welding costs are ca lcu la ted . 

Another expert system in t h i s area covers such aspects as; weld 

prepara t ion , type of mater ia l and weld economics. These data are used to 

f i n d a su i tab le process of welding, in p a r t i c u l a r , between two d i f f e r e n t 

ma te r ia l s (4 .21) . 
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The Un ivers i t y of Southampton has been conducting research in order 

t o choose a process f o r we ld ing n u c l e a r r e a c t o r s . The system i s 

dependent upon the user responding to a number of quer ies. These answers 

are then appl ied on a set of s p e c i f i c c r i t e r i a ( i n knowledge base) to 

become confidence fac to rs of every possible a l t e r n a t i v e welding process. 

The best suggestion, of course, is the welding process which has the 

highest confidence fac to r (4 .22) . "Expert-ease" i s a general purpose 

expert system s h e l l , which has been examined in order to se lec t the 

r i g h t process fo r a s p e c i f i c j o i n t by the Welding I n s t i t u t e , Abington 

(4 .23) . 

Af te r the r i g h t welding process has been se lec ted, a s k i l l e d worker 

is needed to produce the best r e s u l t . However some defects might occur 

du r i ng the weld execu t i on . Thus i n a d d i t i o n t o w e l d i n g p rocess 

se lec t i on , an expert system has been b u i l t in order to analyse the 

problems r e l a t i n g to welding defec ts . This system was designed in the 

context of metal i n e r t gas welding (MIG) on ly . The system output deals 

w i th ways of improving the weld (4 .24) . 

In a s im i l a r contex t , another expert system, ca l led Naval Expert 

Welding Cont ro l System (NEWCS), has been deve loped w i t h a v iew t o 

cont ro l the welding in sh ipbu i l d ing . This con t ro l s the welding during 

execut ion; parameters include the frequency, ampl i tude, heat (cur ren t ) 

and t r ave l speed ,e tc . (4 .25) . 

4 .4. REQUIREMENTS FOR SHIP STRUCTURES DESIGN 

As discussed in the above sect ions , the expert system p r i n c i p l e is 



capable of ana l ys ing problems in which the s u b j e c t i v e c r i t e r i a are 

involved in add i t i on to the ob jec t i ve ones. Both aspects w i l l be taken 

i n to account in every dec is ion w i t h i n the problem and consequently, the 

decis ions w i l l r e f l e c t the opinions of the user. The dialogue between 

the user and the computer can also be maintained by i n te r roga t i ng and 

asking the user 's op in ions. Such system has been appl ied to solve a 

number of problems inc lud ing the engineering f i e l d . 

In the engineering f i e l d , as mentioned in Sect ion 4.3, systems have 

been appl ied successfu l ly in both design and product ion areas. Hence, i t 

can also be appl ied t o address the d i f f i c u l t i e s in the present approach 

in which a number of c r i t e r i a need to be combined together . 

The present approach, as mentioned in Chapter 3, is d i rec ted to 

analyse the ship s t r uc tu re design in to which ship design and product ion 

c r i t e r i a w i l l be taken i n t o account. A number of decis ions have to be 

made dur ing the design process. Some of them should be decided by the 

user/designer on the basis of t h e i r experience. The re l a t i onsh ip between 

sub jec t ive and ob jec t i ve c r i t e r i a in t h i s present approach i s shown in 

Figure 4.4. Thus, the app l i ca t i on of the expert system is appropr iate to 

ass is t the designer to make decis ions. A number of requirements should 

be f u l f i l l e d in order t o combine the c r i t e r i a and o p i n i o n s i n t o 

decis ions in design process. They can be l i s t e d as fo l lows ; 

- Maintain dia logue between the user and computer by asking the 

o p i n i o n of the user on impor tan t a s p e c t s wh ich have t o be 

decided. 
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Analyse these opinions together w i th the ob jec t i ve c r i t e r i a in 

the decision making process. 

Produce a set of suggested resu l ts instead of a s ing le resu l t 

from which the user can se lect the one according to h is /her 

op in ion. 

Apply the present approach to pred ic t the product ion cost of a 

part of a ship s t r uc tu re . 



CHAPTER 5. THE APPLICATION OF EXPERT SYSTEMS TO GRILLAGE STRUCTURE 

5.1 GENERAL 

Accord ing t o the requirements ment ioned i n S e c t i o n 4 . 4 , t he 

present approach w i l l be appl ied to analyse the product ion cost of a 

part of ship structure. The ship structure is broken down into a number 

of production un i ts . The most basic un i ts in a ship s t r u c t u r e , as 

explained in Appendix A are gr i l lage panels. Therefore, the production 

cost of a ship structure can be predicted by analysing the production 

cost of a gr i l lage . I t can be obtained as a sum of the labour cost and 

the material cost . The material cost is calculated based on the s tee l 

weight and the steel price, whilst the labour cost varies with a number 

of cost components. The biggest component of t h i s labour cost i s welding 

cost, including the costs of f a i r i n g and t a c k i n g and welding the 

jo in ts . The calculation of this cost is dependent on the welding process 

used t o weld the j o i n t s . Since t h e r e are a number o f p o s s i b l e 

a l t e r n a t i v e s of welding processes, i t becomes necessary to se lec t the 

proper process fo r each j o i n t . 

Hence, the p resent approach i n i t i a l l y aims t o b u i l d an e x p e r t 

system to select a proper welding process fo r every j o i n t within a 

g r i l l a g e from a set o f a l t e r n a t i v e p rocesses and to c a l c u l a t e i t s 

welding cost . An expert system, ca l l ed 'Ship Welding Expert System' 

(SWES), has been constructed as a t r i a l t o se lec t a reasonable process 

to weld a single j o i n t . The main aim of th is t r i a l is to discover 

whether an expert system i s a p p l i c a b l e t o a n a l y s e t h e combined 
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s u b j e c t i v e and o b j e c t i v e c r i t e r i a i n o rde r t o s u p p o r t t h e d e c i s i o n 

making. This system was developed to be su i t ab le t o run on personal 

computers and has w r i t t e n in Basic language. Due to the l i m i t e d memory 

a v a i l a b l e in t h i s language, F o r t r a n language was then used f o r t he 

development of the SWES system; t h i s w i l l be discussed in more d e t a i l in 

Sect ion 5.2. 

Further development of t h i s led to the ' G r i l l a g e System'; Fortran 

language was not used in t h i s because i t cannot e a s i l y handle complex 

l o g i c . Add i t iona l d i f f i c u l t i e s w i th screen handl ing, character input 

and data t r a n s f e r a l so had adverse e f f e c t s . As a consequence, a 

commercial package she l l has been used instead of Fortran in bu i l d i ng 

the program. The d e t a i l and sample app l i ca t ions of t h i s program are 

discussed in Section 5.3 and Section 5.4. 

5.2 SINGLE JOINT ANALYSIS 

5.2 .1 BACKGROUND 

As mentioned above, the SWES system was developed and appl ied to 

obta in a set of suggested welding processes fo r a s p e c i f i c j o i n t . These 

are selected from a number of welding processes commonly used in the 

sh ipbu i l d i ng indus t ry . These can be categorised i n t o four groups; Manual 

Metal Arc (MMA), Metal I n e r t Gas (MIG), Submerged Arc (SAW), and Fusarc 

processes. They are f u r t h e r c l a s s i f i e d on the basis of the diameters of 

the e lec t rode. The c l a s s i f i c a t i o n and the d e t a i l s of these processes 

w i l l be discussed in Appendix B. 

34 



other features distinguishing choice of a part icular process include 

the th ickness of weld and the choice of welding p o s i t i o n , i . e . downhand, 

h o r i z o n t a l , v e r t i c a l and overhead. Thus, based on t hese w e l d i n g 

pos i t i ons and the f i v e ranges of thickness of weld, the processes are 

grouped and arranged to form a decis ion t ree, as shown in Figure 5.1. 

The dec is ion t ree i s based on a score system. Each branch of the t ree 

has been scored in such a way tha t there is a unique score at the end of 

t ha t branch. For example, the score fo r a but t weld of a p la te w i th 

th ickness between 5 and 10 mm car r ied out in a downhand pos i t i on is 

1+2+10 or 13. S i m i l a r l y , the score fo r a Tee f i l l e t between p la tes of 

th ickness 5 and 10 mm ca r r i ed out , again, in a downhand pos i t i on is 

40+2+10 or 52. 

Once the th ickness and the pos i t i on of a p a r t i c u l a r j o i n t are known, 

a set of a l t e r n a t i v e welding processes can be obtained from the decis ion 

t r e e . As the features of these welding processes might d i f f e r , i t i s 

necessary to ca lcu la te t h e i r confidence fac to rs (CFs) f i r s t in order to 

c l a s s i f y them. As mentioned in Chapter 4, CFs should be ca lcu la ted based 

on the c a p a b i l i t i e s of the process and the user op in ion on s p e c i f i c 

c r i t e r i a . In t h i s case the c r i t e r i a involved in the dec is ion making are 

the l oca t ion of execut ion, the importance of welding speed, welding 

e f f i c i e n c y and product ion cost . 

Because the program is w r i t t e n in Fortran, the numerical answers 

represent ing the user ' s opin ions upon the above aspects are required. 

The CFs are ca lcu la ted f o l l ow ing the Bayes theory (formulae 4 .7 , 4 .8, 

4 .9) based on both these answers and t h e i r c a p a b i l i t i e s data. These 

welding processes are arranged in sequence to form a set of reasonable 
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suggested processes according to the values of their confidence factors. 

This set provides the user w i th ideas and ranks of the a l ternat ive 

welding processes according to the objectives of the jo in t and the given 

opin ions. Furthermore, the dec is ion of which process to use to weld the 

j o i n t i s a r r i ved at by the user sub jec t i ve l y . The welding t ime can be 

obtained from t h i s dec is ion . 

The welding time i s ca lcu la ted based on the number of j o i n t s and 

the volume/weight of weld metal at the jo int and the depos i t ion ra te of 

the selected welding process. The weld metal volume i s found from the 

length of the jo in t and i t s edge des ign/preparat ion. The edge design of 

a j o i n t i s determined according t o welding regu la t ions , th ickness of the 

j o i n t and the selected type of welding process. Deta i l s of t h i s edge 

design can be seen in Appendix B.2. 

Production time can be obtained by adding t h i s welding t ime to the 

f a i r i n g and tack ing t ime (which is needed to arrange the j o i n t i n to a 

proper arrangement inc lud ing alignment w i th the r i g h t gap). This f a i r i n g 

and tack ing time i s dependent on the type and th ickness of the j o i n t , 

and i s taken from work study data (5 .1 ) . 

A f t e r p roduc t i on t ime i s o b t a i n e d , the p r o d u c t i o n c o s t can be 

ca lcu la ted by m u l t i p l y i n g the product ion time by the labour ra te . The 

labour rate may vary among yards; hence, i t is designed as an input 

data. 
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5.2 .2 PROGRAM STRUCTURE 

Because the program deals w i t h a number o f c a l c u l a t i o n s , 

t he re fo re , i n i t i a l development of t h i s welding process se lec t i on , i5 

w r i t t e n in For t ran. The knowledge base of t h i s program is b u i l t as 

forward chaining rules and divided into three parts (stages) as shown in 

the f low chart in Figure 5.2 .a : 

- F i r s t stage: choosing the a l t e r n a t i v e welding processes. 

-Second stage; processing the suggested welding process. 

- T h i r d stage; c a l c u l a t i n g the product ion times and costs. 

(a ) . F i r s t Stage 

The main task a t t h i s stage i s t o dec ide t he a v a i l a b l e and 

appropr ia te welding processes app l icab le fo r a pat t i c u i a i j o i n u , baseu 

on i t s objective aspects including tt^a geometry and position. These 

aspects are processed down a decision tree (see Figure 5.1) by the f i r s t 

in ference engine ( i n t e r 1). A v a l i d process w i l i nave scoied at evet y 

level of the decision t r e e . Based on these scores, the poss ib le 

processes applicable to vwaki the jo in t can found from the knowledge 

base 'W1'. These possib le processes are arranged and displayed as the 

I t e r n a t i v e welding processes' se t . 'a^ 

( b ) . Second Stage 

The a l t e r n a t i v e welding processes which are based on the ob jec t i ve 

c r i t e r i a d e f i n i n g the j o i n t , are f u r t h e r ana l ysed based on the 
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subjective aspects provided by the user. These include the location of 

work, the percentage of volumetric inspection, the speed of process and 

welding cost . For each of tliese four aspects, the program w i l l requi re a 

numerical answer which ranges from ( - 5 ) for absolutely wrong to (+5) for 

absolutely r ight . This represents the degree of bel ief of t l ^ user on 

tNa c r i t e r i a . Tlie second inference engine ( interZ) t^sn calculates 

confidence factors each al ternat ive welding process based on the 

values of t l ^ 'subjective' c r i t e r i a in accordance with 'Bayes' theory. 

Then, the 'suggested welding processes' set is displayed. 

Frcm this suggested processes set, tlie user decides the selected 

process. This process is then sent to the th i rd stage of the program, in 

order to calculate the production t ime. 

( c ) . Th i rd Stage 

The time needed to weld the j o i n t , is calculated at th is stage. 

This calculation is based on ttie weight of tlie welding metal and the 

deposition rate of the selected welding process. The weight of welding 

metal is calculated according to the geometry of the j o i n t , the welding 

edge preparation and the approximate welding reinforcement which w i l l be 

explained in Appendix B. 

In add i t i on to the welding t ime, i t i s also necessary to take into 

account the time required fo r preparing the job. The preparat ion time i s 

cons tan t for every job and t h e r e f o r e i s u s u a l l y known as t h e ' Job 

constant'. This 'Job constant ' does not include the time fo r s e t t i n g up 
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