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Abstract 
I n m a n y areas o f e l e c t r i c a l eng ineer ing , m a g n e t i c c o m p o n e n t s l i k e t ransformers a n d i n d u c t o r s are 

necessary parts o f an e l e c t r i c a l c i r c u i t . D e s i g n i n g s u c h a c o m p o n e n t means f i n d i n g a suitable 

c o m b i n a t i o n o f a ferrite core a n d a c o p p e r w i r e , w h i l e a great var iety o f requirements h a v e to be 

sat is f ied . H o w e v e r , f i n d i n g the o p t i m a l c o m b i n a t i o n i s c o m p l i c a t e d because o f the large n u m b e r o f 

a v a i l a b l e s i zes a n d types o f cores and w i r e s . A D é c i s i o n S u p p o r t S y s t e m ( D S S ) c a n assist a d e s i g n e r 

o f m a g n e t i c c o m p o n e n t s i n se lect ing the suitable c o m p o n e n t alternatives a n d i n r a n k i n g t h e m , h e r e b y 

i m p r o v i n g the e f f i c i e n c y a n d the results o f the d e s i g n procédure . T h i s paper descr ibes the a i m s a n d the 

t y p i c a l p r o b l e m s o f m a g n e t i c c o m p o n e n t d e s i g n , a n d discusses a D é c i s i o n S u p p o r t S y s t e m f o r 

f a c i l i t a t i n g the d e s i g n procédure . A s an e x a m p l e , the structure o f a D S S is d e s c r i b e d that sélects an ac-

i n d u c t o r o f a p o w e r C o n v e r t e r c i r c u i t . 

K e y w o r d s : D é c i s i o n S u p p o r t S y s t e m s , magnet ic c o m p o n e n t s , f u z z y sets, f u z z y m u l t i p l e attribute 

déc is ion m a k i n g , f u z z y d e s i g n . 

Introduction 
I n m a n y areas o f e l e c t r i c a l e n g i n e e r i n g m a g n e t i c 

c o m p o n e n t s are necessary parts o f an e l e c t r i c a l 

c i r c u i t . F o r e x a m p l e i n p o w e r e lectronics thèse 

c o m p o n e n t s are essent ia l f o r the opération o f 

p o w e r Converters, i n a d d i t i o n to the p o w e r 

s e m i c o n d u c t o r s a n d capac i tors . M a g n e t i c c o m p o ­

nents u t i l i z e t h e i r m a g n e t i c c i r c u i t to store o r 

t r a n s f o r m e n e r g y i n o r d e r to serve a p p l i c a t i o n s 

s u c h as t r a n s f o r m i n g p o w e r , f i l t e r i n g a n d resona-

t i n g . T h e t w o m o s t c o m m o n l y used m a g n e t i c 

c o m p o n e n t s are the t ransformer a n d the i n d u c t o r , 

w h i c h are b a s i c a l l y c o m p o s e d o f a core o f m a g ­

n e t i c m a t e r i a l (ferrite) a n d turns o f c o p p e r w i r e . 

D e s i g n i n g a m a g n e t i c c o m p o n e n t means f i n d i n g 

the o p t i m a l c o m b i n a t i o n o f the core a n d the w i r e , 

w h i l e a great v a r i e t y o f requirements are satis­

f i e d . H o w e v e r , because o f the large n u m b e r o f 

a v a i l a b l e s i zes a n d types o f cores a n d w i r e s , a 

d e s i g n e r uses a n i terat ive d e s i g n procédure , w h i l e 

m a k i n g extens ive use o f e x p é r i e n c e , p h y s i c a l a n d 

h e u r i s t i c k n o w l e d g e a n d r u l e s - o f - t h u m b . E v e n i f 

a c o m p u t e r is u s e d to p e r f o r a i the tedious c a l c u -

l a t i o n s , s t i l l the h u m a n d e s i g n m e t h o d is i n e f f i ­

c ient because o f the t i m e that i s i n v o l v e d i n the 

d e s i g n , a n d m a y cause a s u b - o p t i m a l f i n a l 

d e s i g n . 

T h i s paper descr ibes h o w a D é c i s i o n S u p p o r t 

S y s t e m ( D S S ) c a n be r e a l i z e d that assists the 

d e s i g n e r o f m a g n e t i c c o m p o n e n t s b y se lec t ing 

a n d r a n k i n g a set o f feas ib le c o m p o n e n t a l terna­

t ives . T h e paper is o r g a n i z e d as f o l l o w s . S e c t i o n 

1 descr ibes m a g n e t i c c o m p o n e n t d e s i g n a n d its 

p r o b l e m s . T h e n , i n sect ion 2, the i n f o r m a t i o n 

necessary to create the D S S is d i s c u s s e d a n d the 

structure o f a n e x a m p l e D S S is d e s c r i b e d . F i n a l -

l y , sec t ion 3 présents the c o n c l u s i o n s a n d the 

expectat ions f r o m the p r o p o s e d D S S . 
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1 Magnetic component design 
T h i s s e c t i o n e x p l a i n s w h a t m a g n e t i c c o m p o n e n t s 

are, h o w they are d e s i g n e d a n d i t treats the 

s h o r t c o m i n g s o f the t r a d i t i o n a l h u m a n d e s i g n 

m e t h o d . 

1.1 Magnetic components 
B a s i c a l l y , m a g n e t i c c o m p o n e n t s are c o n s t r u c t e d 

o f a c o r e o f m a g n e t i c m a t e r i a l a n d one o r m o r e 

w i n d i n g s o f i s o l a t e d c o p p e r w i r e w i t h a cer ta in 

n u m b e r o f turns p e r w i n d i n g . T h e c o m p o n e n t is 

a s s e m b l e d b y w i n d i n g the w i r e a r o u n d a c o i l 

f o r m e r a n d then j o i n i n g the core h a l v e s together, 

as s h o w n i n F i g u r e l a . a n d F i g u r e l b . 

a) 

COIL FORMER E-CORE 
AND WIRE 

COIL 

Figure 1 a) E - c o r e , c o i l f o r m e r a n d w i r e . 

b) a n a s s e m b l e d c o m p o n e n t c ) v a r i -

ous t y p e s a n d sizes o f w i r e . 

M a n u f a c t u r e r s o f f e r a large n u m b e r o f types a n d 

s izes o f cores a n d w i r e s . M o r e than 15 différent 

ferr i te core shapes c a n b e o b t a i n e d , a i l o f t h e m 

a v a i l a b l e i n a range o f s izes a n d m o s t o f t h e m i n 

severa l ferrite grades. F i g u r e l a . s h o w s the 

e x a m p l e o f a n E - c o r e . T h e a v a i l a b l e w i r e c a n be 

r o u n d , f lat o r b u n c h e d ( L i t z e w i r e ) , e a c h a v a i l ­

ab le i n a range o f c o p p e r c r o s s - s e c t i o n areas a n d 

w i t h différent c lasses o f i s o l a t i o n . S o m e 

e x a m p l e s o f w i r e types a n d s izes are s h o w n i n 

F i g u r e l e . It i s o b v i o u s that, to c o n s t r u c t a 

c o m p o n e n t , a large n u m b e r o f c o m b i n a t i o n s o f 

cores a n d w i r e s is p o s s i b l e . A p p l i c a t i o n s l i k e the 

i n d u c t o r can have a v a r y i n g discrète n u m b e r o f 

turns d e p e n d i n g o n the a i rgap w i d t h , w h i c h e v e n 

increases the n u m b e r o f p o s s i b l e a l ternat ives . 

1.2 Design of magnetic components 
T h e s p e c i f i c d e s i g n o f a m a g n e t i c c o m p o n e n t has 

an i m p o r t a n t i n f l u e n c e o n the o v e r a l l p e r f o r ­

m a n c e a n d the cost o f the s y s t e m f o r w h i c h it i s 

a p p l i e d . T h i s i n f l u e n c e i s c a u s e d b y three 

t r o u b l e s o m e character is t ics o f m a g n e t i c c o m p o ­

nents: 1) u s u a l l y they are r e l a t i v e l y l a r g e a n d 

heavy i tems o f a c i r c u i t , 2 ) they p r o d u c e losses 

a n d heat a n d 3) they are not easy to w i n d a n d 

a s s e m b l e a u t o m a t i c a l l y . T h e r e f o r e , it i s u s e f u l to 

f i n d a c o m p o n e n t that has o p t i m a l p e r f o r m a n c e 

c o n c e r n i n g the requirements . 

It has already been m e n t i o n e d that a m a g n e t i c 

c o m p o n e n t has to be satisfy a great v a r i e t y o f 

requirements . T h e r e q u i r e m e n t s i m p o s e d o n a 

m a g n e t i c c o m p o n e n t are p h y s i c a l constra ints , 

spécif icat ions a n d d e s i g n e r préférences . T h e y 

dépend s trongly o n the a p p l i c a t i o n f o r w h i c h the 

c o m p o n e n t i s d e s i g n e d . S o m e e x a m p l e s o f 

requirements are m a x i m u m storable e n e r g y , 

m a x i m u m a l l o w a b l e température r i s e , p e a k 

current , a l l o w e d p o w e r loss , w e i g h t a n d cost . 

T h e rôle o f décis ion m a k i n g d u r i n g the d e s i g n i s 

that a des igner has to take déc is ions a b o u t w h i c h 

alternatives are not a p p r o p r i a t e a n d w h i c h o f the 

r e m a i n i n g alternatives are the best. T h e d é c i s i o n s 

are taken o n the basis o f h o w m u c h e a c h a l terna­

t i v e satisfies the r e q u i r e m e n t s . B e c a u s e thèse r e ­

quirements c a n be v a g u e , i m p r é c i s e o r u n c e r t a i n , 

a h u m a n des igner m a k e s d e s i g n trade of fs u s i n g 

h i s (or her) h u m a n a b i l i t y to d e a l w i t h v a g u e 

i n f o r m a t i o n . D e s p i t e this a b i l i t y to m a k e f u z z y 

déc is ions , he has s o m e s h o r t c o m i n g s w h e n 

d e a l i n g w i t h large quant i t ies o f i n f o r m a t i o n , as 

e x p l a i n e d i n sect ion 1.3. 

1.3 Design problems and solutions 
I n order to manage the large n u m b e r o f c o m ­

ponent alternatives a n d the large n u m b e r o f 

requirements , a h u m a n d e s i g n e r uses s e v e r a l 

décis ion steps to c o m e to the f i n a l d e s i g n . T h e 

first step is the i n i t i a l c h o i c e o f a c o r e b y m e a n s 

o f h e u r i s t i c k n o w l e d g e , e x p é r i e n c e o r b y u s i n g 

the cata logue suggest ions. T h e n , the designer 1 
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Starts a n i terat ive ' t r i a l a n d error ' décis ion p r o ­

cédure , repeatedly c h o o s i n g a différent w i r e or a 

différent core a n d c a l c u l a t i n g the r e s u l t i n g values 

o f the c o m p o n e n t character is t ics . 

T h i s procédure has t w o d r a w b a c k s . T h e fïrst 

d r a w b a c k i s that the d e s i g n e r has l i m i t e d ins ight 

i n the c o n s é q u e n c e s o f a décis ion. B e c a u s e it is 

not c l e a r w h e t h e r a c h o i c e leads to a better 

a l ternat ive o r not, m a n y itérations m a y be neces-

sary. T h e s e c o n d d r a w b a c k is that the designer 

m a y reject m a n y alternatives too ear ly i n the 

d é c i s i o n p r o c e s s , because he does not assess a i l 

p o s s i b l e c o n f i g u r a t i o n s o f cores a n d wires . 

H e n c e , f i n d i n g the o p t i m a l d e s i g n m a y not be 

p o s s i b l e . 

T o get a r o u n d the d r a w b a c k s o f this m e t h o d , 

des igners are s u p p o r t e d w i t h tables i n b o o k s o r 

cata logues that s i m p l i f y the i n i t i a l c h o i c e o f the 

c o r e [5] [6] [11] [12]. T h e first c o m p u t e r 

a l g o r i t h m s w e r e i m p l e m e n t e d i n the 6 0 ' s [4] , 

t a k i n g o v e r tedious c a l c u l a t i o n s . H o w e v e r , the 

c r i t i c a l d é c i s i o n s h a v e a l w a y s been taken b y the 

d e s i g n e r h i m s e l f , because o n l y h u m a n k n o w l e d g e 

a n d e x p é r i e n c e c a n h a n d l e the c o m p l e x depen-

d e n c i e s a n d trade-offs. 

W i t h the d e v e l o p m e n t s i n a r t i f i c i a l in te l l igence 

a n d f u z z y l o g i c , n e w d o o r s h a v e been opened 

t o w a r d s c o m p u t e r d e s i g n o f magnet ic c o m p o ­

nents [1]. I n the f o l i o w i n g sect ion a f u z z y D é c i ­

s i o n S u p p o r t S y s t e m i s i n t r o d u c e d that assists the 

d e s i g n e r o f m a g n e t i c c o m p o n e n t s b y select ing a 

set o f p o s s i b l e a l ternat ives a n d r a n k i n g t h e m 

d e p e n d i n g o n h o w m u c h they satisfy the d e s i g n 

constra ints a n d préférences . 

2 DSS for component design 
T h i s s e c t i o n descr ibes a D é c i s i o n S u p p o r t S y s t e m 

( D S S ) f o r d e s i g n i n g m a g n e t i c c o m p o n e n t s . T h e 

a i m s o f the D S S a n d the i n f o r m a t i o n necessary 

to r e a l i z e the S y s t e m are e x p l a i n e d . T h e last part 

p r o p o s e s a structure o f a D S S used to d e s i g n an 

a c - i n d u c t o r f o r a p o w e r converter c i r c u i t . 

2.1 A Décision Support System 
T h e p r o p o s e d D S S w i l l assist the des igner o f 

m a g n e t i c c o m p o n e n t s b y se lect ing a set o f appro-

pr iate a l ternatives a n d r a n k i n g t h e m d e p e n d i n g 

o n h o w m u c h they satisfy the d e s i g n constraints 

a n d objec t ives . T h e a i m o f the D S S is to select 

a f e w p o s s i b l e , g o o d , a l ternative designs b y 

p e r f o r m i n g preparatory déc is ions , sé lect ions a n d 

r a n k i n g s . T h e d e s i g n e r ' s attention c a n then b e 

f o c u s e d o n the évaluat ion o f thèse d e s i g n s . I n 

this w a y the quant i tat ive a b i l i t i e s o f c o m p u t e r s 

a n d qual i tat ive ab i l i t ies o f h u m a n s are u s e d 

e f f i c ient ly . 

T o create the D S S , the i n f o r m a t i o n that is neces­

sary to des ign a c o m p o n e n t has to be d e t e r m i n e d . 

T h i s i n f o r m a t i o n c a n be r e t r i e v e d b y i n t e r v i e w i n g 

a n expert. H o w e v e r , because n o t a l l i n f o r m a t i o n 

w i l l be obta ined at o n c e , there is n e e d f o r a 

c o n t i n u i n g p e r s o n a l w o r k i n g r e l a t i o n s h i p w i t h the 

expert d u r i n g the c o n s t r u c t i o n o f the D S S . T w o 

k i n d s o f i n f o r m a t i o n have to be r e t r i e v e d , n a m e l y 

the des ign constraints a n d object ives as w e l l as 

the expert k n o w l e d g e o f the d e s i g n procédure . I n 

the next part a character izat ion o f the i n f o r m a t i o n 

is g i v e n , i l lustrated b y means o f the d e s i g n o f a n 

ac- inductor . 

2.2 Fuzzy décision criteria 
T h i s paragraph descr ibes the f irst type o f i n f o r ­

m a t i o n necessary to d e s i g n a c o m p o n e n t , n a m e l y 

the constraints a n d the object ives o f the d e s i g n . 

T h e constraints a n d object ives are d e f i n e d b y 1) 
the p h y s i c a l b o u n d a r i e s , 2) the a p p l i c a t i o n spé­

c i f i c a t i o n s a n d 3) the des igner préférences . M o s t 

o f thèse are set u p b y means o f expert k n o w ­

ledge. B e c a u s e the i n f o r m a t i o n c a n be v a g u e , 

imprécise or u n c e r t a i n , a m a t h e m a t i c a l représen­

tat ion based o n the f u z z y set theory i s i n t r o ­

d u c e d . T h e constraints a n d object ives together 

are a lso calledfiizzy décision criteria. 

Physical constraints 
T h e p h y s i c a l constraints are b o u n d a r i e s i m p o s e d 

b y p h y s i c a l propert ies o f the u s e d m a t e r i a l s . T h e 

boundar ies are not exact, but c o n t a i n a c e r t a i n 

range o f tolérance. I n gênerai , the tolérance c a n 

o n l y be est imated b y experts w h o h a v e p r a c t i c a ! 

expér ience w i t h the mater ia ls . T h e three p h y s i c a l 

constraints o f the e x a m p l e o f an a c - i n d u c t o r are 

the m a x i m u m p o s s i b l e v a l u e o f f l u x d e n s i t y B i n 

the core, the m a x i m u m a l l o w a b l e a i rgap w i d t h I g 

a n d the température ( m a x i m u m e n v i r o n m e n t a l 

température 0 e a n d m a x i m u m a l l o w a b l e t e m p é r a ­

ture r ise AÖ). 

Spécifications 
T h e c o m p o n e n t spéci f icat ions are the constra ints 

i m p o s e d b y the a p p l i c a t i o n . T h e y f o r m the 

necessary inputs to the D S S , s u c h as c u r r e n t 

waveshape, m a x i m u m current, i n d u c t a n c e , p e a k 
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v o l t a g e , f r e q u e n c y a n d a m b i e n t température. T h e 

spéci f icat ions u s u a l l y a lso i n c l u d e m a x i m u m (or 

m i n i m u m ) values f o r the i n d u c t o r p r o p e i t i e s s u c h 

as m a s s , v o l u m e , p o w e r loss a n d cost. 

Spéc i f i ca t ions are often p r o v i d e d as exact (cr isp) 

va lues , h e r e b y f o r m i n g strict l i m i t i n g b o u n d a r i e s . 

H o w e v e r , this a s s u m p t i o n o f exact spécif icat ions 

d o e s not a l w a y s m a k e sensé, because i n pract ice 

spéci f icat ions h a v e a range o f tolérance. F o r 

e x a m p l e , a n i n d u c t o r u s e d i n a filter a p p l i c a t i o n s 

w i t h a s p e c i f i e d i n d u c t a n c e L u s u a l l y has a 

substant ia l range o f tolérance a r o u n d L . I f this 

r a n g e o f to lérance is a l l o w e d , then the set o f 

s u i t a b l e a l ternatives m a y b e larger than the case 

w h e n o n l y a s i n g l e v a l u e f o r L is a l l o w e d . T h e 

f o r m e r set m i g h t c o n t a i n better alternatives than 

the latter, so the a s s u m p t i o n o f exact spéci f ica­

t ions a c t u a l l y obstructs the f i n d i n g o f an o p t i m a l 

c o m p o n e n t . 

D e s i g n e r p r é f é r e n c e s 

A l t h o u g h the d e s i g n e r has to take the spéci f ica­

t i o n s i n t o account , he u s u a l l y has s o m e p e r s o n a l 

pré férences about severa l propert ies o f the c o m ­

p o n e n t , l i k e m a s s , v o l u m e , p o w e r losses, cost o r 

température r ise . T h e préférences o f the des igner 

d é p e n d o n aspects s u c h as the a p p l i c a t i o n , the 

spéc i f icat ions , k n o w l e d g e a n d expér ience . T o 

h e l p a d e s i g n e r m a k i n g r e a l i s t i c assumpt ions f o r 

h i s préférences , the D S S c a n be m a d e interact ive: 

the d e s i g n e r is a l l o w e d to c h a n g e h i s préférences 

b a s e d o n results o f the D S S d u r i n g the d e s i g n 

p r o c e d u r e . 

M o s t o f the constraints a n d the préférences m e n -

t i o n e d b e f o r e c o n t a i n v a g u e , i m p r e c i s e o r u n c e r -

t a i n b o u n d a r i e s . T h e f u z z y set theory is a n 

advantageous w a y to represent these require-

m e n t s . 

F u z z y l o g i c a n d f u z z y sets t h e o r y 

F u z z y l o g i c has b e e n p r o p o s e d b y Z a d e h i n the 

1 9 6 0 ' s [14] as a means to m o d e l uncerta inty o f 

n o n - p r o b a b i l i s t i c nature a n d is an e x t e n s i o n o f 

c o n v e n t i o n a l ( B o o l e a n ) l o g i c . A g o o d e x a m p l e o f 

s u c h uncer ta inty is the impréc is ion i n h u m a n 

b e h a v i o u r a n d r e a s o n i n g . F u z z y l o g i c introduces 

the c o n c e p t o f p a r t i a l t ruth va lues that l i e 

b e t w e e n " c o m p l e t e l y t rue" a n d " c o m p l e t e l y 

fa l se" . T h e r e is a s treng r e l a t i o n b e t w e e n fuzzy 
logic a n d fuzzy sets theory, s i m i l a r l y to the 

r e l a t i o n s h i p b e t w e e n B o o l e a n l o g i c a n d c o n v e n ­

t i o n a l set theory . F u z z y sets theory is i n t r o d u c e d 

as an e x t e n s i o n o f c o n v e n t i o n a l sets t h e o r y , 

a l l o w i n g p a r t i a l m e m b e r s h i p i n the set. A f u z z y 

set A i s d e f i n e d i n the u n i v e r s e o f d i s c o u r s e X 
v i a its character is t ic f u n c t i o n , u s u a l l y c a l l e d 

m e m b e r s h i p f u n c t i o n , pA(x) : X —> [0,1] that i s 

d e f i n e d as f o l i o w s : 

HA(x) = 1 X b e l o n g s c o m p l e t e l y to A 
pA{x) e (0,1) jc b e l o n g s p a r t i a l l y to A 
fiA(x) = 0 x does not b e l o n g to A 

A f u z z y set c a n a l so be represented as a l i s t o f 

ordered pairs {x,pA(x)}. T h e v a l u e o f the m e m ­

b e r s h i p f u n c t i o n pA(x) i s c a l l e d membership 
grade (degree). T h e terms " m e m b e r s h i p f u n c ­

t i o n " a n d " f u z z y set" are s o m e t i m e s u s e d 

interchangeably . 

E x a m p l e s 

T h e u n c e r t a i n , vague a n d i m p r e c i s e nature o f the 

c r i t e r i a d e f i n e d before c a n be represented b y 

m e m b e r s h i p f u n c t i o n s . A m e m b e r s h i p f u n c t i o n 

g ives the degree to w h i c h a c r i t e r i o n is sat is f ied 

as a resuit o f a c e r t a i n parameter v a l u e o f a 

c o m p o n e n t a l ternat ive . T h i s i s i l l u s t r a t e d i n 

F i g u r e 2, w h e r e s o m e e x a m p l e s o f m e m b e r s h i p 

funct ions are s h o w n . 

a) Membership functions expressing 
physical constraints 

H(B) Magn. flux dens. B 

B (mT) 

Airgap width I g 

lg (mm) 

Membership functions expressing 
préférences 

b) in a space application 

n(Ae) 

H(m) 

H(K) 

Temp. rise 

A6 CC) 

m (9) 

Cost 

K (HFI) 

c) in a consumer product 

u(A6) I 

AB CC) 

H(m) 

H(K) 

nrimax 

m (g) 

K (HFI) 

F i g u r e 2 E x a m p l e s o f m e m b e r s h i p f u n c t i o n s 

d e s c r i b i n g the f u z z y constra ints a n d 

préférences . 
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I n F i g u r e 2 a the m e m b e r s h i p f r a c t i o n s are s h o w n 

e x p r e s s i n g the grade o f appropriateness o f the 

m a g n e t i c f l u x dens i ty B i n the core a n d o f the 

airgap w i d t h l g . T h e u p p e r b o u n d a r y o f u ( B ) is 

the saturat ion f l u x densi ty B s a t o f the core 

m a t e r i a l . T h e l o w e r b o u n d a r y o f u ( B ) is deter-

m i n e d b y the m a x i m u m storable energy. T h e 

f u z z y u p p e r b o u n d a r y o f u ( l g ) o f a spécif ie core 

is d e t e r m i n e d b y the i n f o r m a t i o n o f an expert o n 

the m a x i m u m a l l o w a b l e a irgap w i d t h 1 . 

F i g u r e 2 b a n d F i g u r e 2c s h o w the m e m b e r s h i p 

f u n c t i o n s e x p r e s s i n g the des igner préférences o f 

an i n d u c t o r i n a space a p p l i c a t i o n a n d a c o n ­

s u m e r p r o d u c t a p p l i c a t i o n . F o r e x a m p l e , the 

shape o f the f u z z y set u(m) s h o w s that the mass 

o f the i n d u c t o r f o r the space a p p l i c a t i o n s h o u l d 

be l o w , w h i l e the mass o f a n i n d u c t o r f o r a 

c o n s u m e r p r o d u c t i s not i m p o r t a n t , except for a 

s p e c i f i e d m a x i m u m a l l o w a b l e mass m m a x . F r o m 

the m e m b e r s h i p f u n c t i o n s o f the cost u ( K ) it c a n 

be seen that there i s n o l i m i t i n g b o u n d a r y f o r the 

cost o f an i n d u c t o r i n space d e s i g n , but i n the 

a p p l i c a t i o n o f a c o n s u m e r p r o d u c t the costs 

s h o u l d be l o w . 

B y m e a n s o f thèse f u z z y sets the f u z z y décis ion 

c r i t e r i a are d e s c r i b e d . T h e f o l l o w i n g part d i s -

cusses the d e s i g n procédure. I n order to rea l i ze 

a n e f f ic ient déc is ion procédure f o r the D S S , 

expert k n o w l e d g e about the procédure has to be 

retr ieved. 

2.3 DSS structure 
I n this part, f i r s t l y the re tr ieved k n o w l e d g e for 

d e s i g n i n g a c - i n d u c t o r s is d e s c r i b e d . S e c o n d l y , a 

D S S structure i s p r o p o s e d u s i n g this k n o w l e d g e . 

Designer knowledge 
B e s i d e s the expert k n o w l e d g e i n c l u d e d i n the 

déc is ion c r i t e r i a , a d d i t i o n a l expert i n f o r m a t i o n i s 

re tr ieved i n order to rea l ize a m o r e e f f ic ient déc i ­

s i o n procédure . T h e expert i n f o r m a t i o n m a y 

c o n s i s t o f r u l e s , procédures , assumpt ions o r any 

other k i n d o f a p p l i c a b l e k n o w l e d g e . 

F o r the d e s i g n o f a n a c - i n d u c t o r , the f o l l o w i n g 

i n f o r m a t i o n i s r e t r i e v e d d u r i n g the c o n s t r u c t i o n 

o f the déc is ion procédure: 

1. T h e équat ions a n d assumpt ions e x p r e s s i n g 

the re lat ions b e t w e e n the c o m p o n e n t para-

meters . 

Example: W e assume that the the energy stored 

i n the i n d u c t o r i s n e g l i g i b l e , except f r o m the 

energy stored i n the airgap. W e assume that the 

c o o l i n g factor cc c o o l i s e q u a l f o r a i l c o m p o n e n t 

alternatives. 

2. T h e m u l t i step character o f the d é c i s i o n 

structure a n d the s é q u e n c e o f déc is ion steps. 

Example: T h e f irst décis ion steps d i s t i n g u i s h the 

set o f p o s s i b l e alternatives u s i n g the l i m i t i n g 

boundar ies . T h e m o s t e f f ic ient s é q u e n c e o f the 

steps i s f o u n d to be: 1) core sé lect ion, 2) c a l c u l a -

t i o n o f the range o f n u m b e r o f turns f o r e a c h 

c o r e , 3) w i r e sélection f o r e a c h core 4) déter­

m i n a t i o n o f the inappropr ia te n u m b e r s o f turns. 

3. H e u r i s t i c i n f o r m a t i o n a n d the rules o f t h u m b . 

Example: T h e expér ience o f the expert c a n be 

u s e d to détermine m o r e préférable c o m b i n a t i o n s 

o f c o m p o n e n t parts o r cer ta in parameters that are 

needed b y the déc is ion System, s u c h as the 

support a n d the k e r n e l o f the m e m b e r s h i p f u n c ­

t ions . F o r instance, r o u n d w i r e s are easier to 

w i n d w h i c h s i m p l i f i e s the a s s e m b l y o f the m a g ­

net ic c o m p o n e n t . S i m i l a r l y , a v e r y large a i rgap is 

n o t désirable s ince the f r i n g i n g o f the m a g n e t i c 

f i e l d causes e d d y current losses i n the c o p p e r . 

N o t a i l expert k n o w l e d g e is u s e f u l f o r i m p l e m e n -

t a t i o n i n the D S S . S o m e r u l e s - o f - t h u m b , l i k e f o r 

e x a m p l e the i n f o r m a t i o n that the température r i s e 

s h o u l d not b e too l o w , o r the r u l e that the c o r e 

w i n d o w s h o u l d be c o m p l e t e l y filled w i t h w i r e , 

are rules that s i m p l i f y o n l y the h u m a n d e s i g n 

m e t h o d . H o w e v e r , f o r c o m p u t e r i m p l e m e n t a t i o n , 

thèse s i m p l i f i c a t i o n s reduce the set o f p o s s i b l e 

alternatives unjust ly . 

DSS structure 
T h e D S S has to be structured i n s u c h a w a y that 

the c a l c u l a t i o n effort s h o u l d be r e a s o n a b l y s m a l l , 

w h i l e n o alternatives are rejected unjust ly . B a s e d 

o n the k n o w l e d g e o f the des igner , a d é c i s i o n 

structure s u c h as s h o w n i n F i g u r e 3 is u s e d . 
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F i g u r e 3 D é c i s i o n structure o f a n e x a m p l e 

D S S f o r a c - i n d u c t o r d e s i g n . 

T h e déc is ions are t a k e n i n a h i e r a r c h i c a l m a n n e r . 

A t e a c h l e v e l o f the h i e r a r c h y , a n u m b e r o f 

a l ternat ives is re jected, w h i c h are not w i t h i n the 

set o f best a l ternat ives . I n this w a y , the c o m -

p u t a t i o n a l ef fort i s r e d u c e d c o n s i d e r a b l y . T h e 

i n i t i a l set o f a l ternat ives is the set o f a i l p o s s i b l e 

c o m b i n a t i o n s o f c o r e s a n d w i r e s . Steps a. a n d b . 

d i s t i n g u i s h the (groups of) sui table a l ternatives. 

S t e p c. is a r a n k i n g step. 

a. Initial sélection 
T h e i n i t i a l d é c i s i o n steps reject the t o t a l l y i n a p -

p r o p r i a t e c o m b i n a t i o n s u s i n g the l i m i t i n g b o u n -

daries o f s o m e r e q u i r e m e n t s . T h e o u t c o m e is the 

c o m p l è t e set o f p o s s i b l e a l ternat ives sat i s fy ing 

the constra ints to s o m e degree. 

b. removal of dominated alternatives 
T h e s e c o n d d é c i s i o n step rejects the alternatives 

that are d o m i n a t e d b y a n y other a l ternat ive . T h i s 

means that the d o m i n a t e d al ternat ives , i .e . the 

a l ternat ives that h a v e a m a s s , v o l u m e , cost a n d 

p o w e r loss h i g h e r than s o m e other a l ternat ive , 

are not c o n s i d e r e d further. H e n c e , the i r r e l e v a n t 

a l ternat ives are r e m o v e d . 

c. final ranking 
T h e f i n a l step r a n k s the r e m a i n i n g a l ternat ives 

d e p e n d i n g o n h o w m u c h they satisfy the r e q u i r e ­

ments . T h i s r a n k i n g is d e t e r m i n e d b y a d é c i s i o n 

f u n c t i o n that c o m b i n e s the m e m b e r s h i p f u n c t i o n s 

o f the r e q u i r e m e n t s , t a k i n g into a c c o u n t the ir 

weights . F o r the d é c i s i o n f u n c t i o n , of ten c a l l e d a 

g o a l f u n c t i o n , v a r i o u s types o f f u z z y m a t h e m a -

t i c a l Operators c a n b e u s e d . I n gênera i , the g o a l 

f u n c t i o n s h o u l d ref lect the a i m s a n d the préféren­

ces o f the déc is ion m a k e r . F u z z y sets theory 

p r o v i d e s a var ie ty o f déc is ion Operators f o r 

m o d e l l i n g c o n j u n c t i v e , d i s j u n c t i v e , a v e r a g i n g , 

c o m p e n s a t o r y a n d other types o f d é c i s i o n b e h a -

v i o u r . E x a m p l e s o f thèse f u n c t i o n s c a n b e f o u n d 

i n [2] [7] [8] [9] [10] [13] a n d [15]. A t this m o ­

ment a p a r a m e t r i c g e n e r a l i z e d g o a l f u n c t i o n is 

i m p l e m e n t e d f o r f u z z y déc is ion m a k i n g w i t h 

u n e q u a l l y w e i g h t e d c r i t e r i a [3]. 

B e t w e e n the three d é c i s i o n steps, an i n t e r a c t i v e 

m e t h o d o f préférence a s s i g n m e n t c a n be i m p l e ­

m e n t e d to enable the c o m p o n e n t d e s i g n e r to h a v e 

direct i n f l u e n c e o n the d é c i s i o n s . A f t e r the f i n a l 

r a n k i n g step, the d e s i g n e r ' s attention c a n b e 

f o c u s e d o n a f e w sat is factory r e m a i n i n g d e s i g n 

alternatives. T h e déterminat ion o f the best alter­

nat ive w i l l be a t rade-of f b e t w e e n the suggest ions 

o f the déc is ion s u p p o r t S y s t e m a n d the p e r s o n a l 

préférences o f the des igner . 

3 Conclusions 
I n this paper the d e s i g n o f m a g n e t i c c o m p o n e n t s 

has b e e n c o n s i d e r e d . I n o r d e r to m a n a g e the 

large n u m b e r o f c o m p o n e n t a l ternat ives a n d the 

large n u m b e r o f r e q u i r e m e n t s , a h u m a n d e s i g n e r 

uses several d é c i s i o n steps to corne to the f i n a l 

d e s i g n . B e c a u s e o f the d r a w b a c k s o f the h u m a n 

d e s i g n m e t h o d , a D é c i s i o n S u p p o r t S y s t e m is 

p r o p o s e d that assists the d e s i g n e r o f m a g n e t i c 

c o m p o n e n t s w i t h the sé lect ion a n d r a n k i n g o f the 

c o m p o n e n t a l ternat ives . 

T h e a i m o f the D S S i s to select a f e w p o s s i b l e , 

g o o d , a l ternat ive des igns b y p e r f o r m i n g p r e p a r a -

tory d é c i s i o n s , sé lect ions a n d r a n k i n g s . T h e 

d e s i g n e r ' s attention c a n n o w b e f o c u s e d o n a f e w 

satisfactory d e s i g n a l ternat ives , w h i c h c a n be 

studied further. I n this w a y the q u a n t i t a t i v e 

a b i l i t i e s o f c o m p u t e r s a n d q u a l i t a t i v e a b i l i t i e s o f 

h u m a n s are u s e d e f f i c i e n t l y . 
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T h e p r o p o s e d D S S f o r the d e s i g n o f magnet ic 

c o m p o n e n t s is n o w b e i n g i m p l e m e n t e d . T h e 

s y s t e m uses expert k n o w l e d g e a n d heur is t ic 

i n f o r m a t i o n i n o r d e r to i m p r o v e s i g n i f i c a n t l y the 

speed a n d the results o f the d e s i g n procedure . 

T h e structure o f the p r o p o s e d D S S is p l a i n a n d 

transparent. A l l tedious operat ions, c o m p a r i s o n s 

a n d c l a s s i f i c a t i o n s are p e r f o r m e d b y the sys tem. 

A n i n t e r a c t i v e m e t h o d o f preference a n d w e i g h t 

a s s i g n m e n t w i l l enable the c o m p o n e n t designer 

to have d i r e c t i n f l u e n c e o n the d e c i s i o n s o f the 

s y s t e m . 
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