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Abstract  - A chua type magnetization model is presented 
and c l o s e l y  examined to the o t h e r  models, As a resu l t ,  
it f s  revealed t h a t  a Chua type model is c l o s d y  sela- 
ted with the  Preisach type model  and g ives  t h e  Rayleigh 
relationships in t he  weakly magnetized reg ion ,  Moreover, 
ft is shown that  t h e  magnetization processes are 
essentiaLly accompanying the  magnetic aftereffects. 

Chua and Strornsmoe have worked out a lumped c i r c u i t  
model for nonlinear inductors exhibiting hysteresis 
Loops [ I ] .  Their model is based on the purely phenorne- 
n o l o g i c a l  b e h a i v i m  of ferromagnetic matercals, never- 
theless their model exhibits many important hysteretic 
properties commonly observed in practice. 

A Chua t y p e  model. has been generalized to calculate 
the quasi-three dimensional magnetic f i e l d s  in the  mag- 
netic devices [Z]. Furthermore, it has been reported 
that a Chua type model is closely re la ted  with the 
Preisach type model 131, also i t s  parameters may be 
determined by Fourier series expansion of the f i e l d  
intensity under the sinusoidal time varying magnetic 
flux density [ 4 ] .  

In the present paper, one of t h e  Chua type models is 
derived from the i d e a l  magnetization curve and revesi- 
sible permeability whose properties are n o t  affected 
by the hysteretic properties. Also,  it is shown t h a t  
a combination of t h i s  model and Preisach type model 
yields the typical magnetization properties in the Ray- 
leigh region.  Furthermore,variaus aftereffects commonly 
observed in practice a ~ e  reproduced by this Chua type 
model 

THE MAGNETIZATION MODEL 

Chua Type Model 

Since the solutions of magnetization model exhibit 
various magnetization properties such as the hysteresis, 
saturation and minor loops,  then the model itself must 
be composed of the parameters not affected by hyster- 
esis .  One of the properties not affected by hysteresis 
is an ideal ox anhysteretic magnetization curve which 
is obtained by f i r s t  a p p l y i n g  the superposed s ta t i c  and 
alternating f i e l d s ,  and then reducing t he  alternating 
f i e l d  tu zero and observing the  flux density. This 
ideal magnetization curve may be  represented by 

time variation of flux density and f i e l d  intensity. 
Thereby, ( 2 )  may be rewritten by 

swat = w p  M / a t .  ( 3 )  r 
After introducing a hysteresis coefficient s [Ohrn/m] 

i n t o  ( 3 ) ,  cosidexation o f  totaL field intensity due to 
(1) and ( 2 )  yields a fallowing relation: 

H 4- (11 / s H a H / a t )  = W p ) B  + ( l / s ) a m t ,  r 
or 

H = + W s )  [(aB/at>-p r (3WW-H (5) 

Obviously, ( 4 )  or (5 )  is one of the Chua type models 
[ 2-41. 

Preisach Type model 

According to the [SI, the reversing p o i n t  f i e l d  
intensity H and a p p l i e d  f i e ld  intensity H are defined 
as shown in F i g ,  2 .  By considering Fig. 2 , h  is obviuus 
that B-H t ra jectory takes different paths depending on 
the reversing f i e l d  i n t ens i ty  H Thereby, t h e  flux 
density B is represented as a f u & t i o n  o f  a p p l i e d  f i e l d  
intensity H as well as reversing p o i n t  f i e l d  intensity 

n 

P 
H* 

B = B(H ,H )e ( 6 )  
P n  

where H, B and p are the  f i e l d  intensity, flux density 
and permeability, respectively, 

The o t h e r  p r o p e r t y  not affected by hysteresis is the 
reversible permeability defined by 

F i g .  1. Ideal magnetization curve and accompanying 
reversible permeability =AB/AW. r 

where AB and AH are respectively the infinitesimally 
small alternating f h x  density and f i e l d  intensity ac- 
companying with the measurement process of ideal mag- 
netization curve. F i g .  1 shows a relationship between 
the ideal  magnetization curve and associated reversible 
permeability. From an experimental p a i n t  of view, t he  
magnetization i s  accomplished in essence through the 

B 

H = W p N ,  

: AHn: 

F i g .  2 .  Nonsymmetrical hysteresis loops for t h e  
derivation o f  Preisach model. 
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Moreover, by considering a saturation p o i n t  of flux 
density on the nonsyrnmetrical hysteresis LOOP shown in 
Fig. 2, it is revealed that the B-H t ra jec tor ies  take 
different paths according to each of the reversing 
points of f i e l d  intensity but always coincide at the 
saturation poin t  of flux density. Therefoze,the rate of 
change of slope a B / a H  with the  reversing polnt f i e l d  
intensity €i takes n o n - ! h  value in t h e  region IB[ <B n m' where B is t h e  saturation f l u x  density. This relation- 
ship g i v e s  the definition of Preisach's function as 

m eld ti 

fn order to find a relationship between the Chua and 
Preisach type models, application of ( 5 )  to the states 
of F i g .  2 gives  

F i g .  3 .  A family of hysteresis Loops obtained by ( 4 )  
using the curves in F i g .  4 and p =.000273[A/d 

T 
€I = (L/I.I)Bb 4- (l/s)[(aBb/at)-U ( a H  / a t > l ,  (9) 
P = P  

where t h e  f i e l d  intensity AH in Fig.2 is SO small that 
the perrneabilitis 1-1 and hysteresis coefficient s may 
be assumed to be constants. By subtracting ( 8 )  from 
( 9 )  and rearranging, it is p o s s i b l e  to obtain 

21 
'1-1, 

B Max.= I. 5 CTesla3 

Further rearrangement of (10) ylelds 

In Fig. 2, i f  the limit of AH goes to zero, then 
 AB/^ term in (11) is simultaneously reduced to zero .  
Thus, an assumption of AH =AS/sl l eads  to 

n 

n 

F i g .  4 .  (a )  Ideal magnetization curve f o r  u[=B/H], and 
(b) dB/dH vs. H curve for s[=(dB/dt)/€& 

n 

From ( 7 ) ,  (11) and (12), a relationship between the 
hysteresis coefficient s and Preisach's function is 
obtained as B 

t 

Substituting (13) into ( 4 )  yields a modified Chua 
type model: 

THE MAGNETIZATION PROPERTIES 

Initial Portion of Curve 

When the parameters p ,  ur and \y in { 14) are assumed 
to take the constant values in the weakly magnetized 
region known as the Rayleigh region, then (14) gives 

where H , €i and B are  the a p p l i e d  f i e l d  intensity, 
reversing f h d  intEnsity and reversing point flux 
density, respectively. The field intensities H ,€I are 
so small that the  foLLowing assumptions are  posgibfe: 

I 
Fig. 5. (a) A family of aftereffect obta ined  by 

applying the  step field intensities, and 

final magnetization. 
(b )  time required to reach t h e  90 X of each n 
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Flux dsnsitv 8 Max.=1.0 [Tesla3 When (16) is substituted i n t o  (15) and H ,B are s e t  
t o  be zero, then (15) is reduced to n n  

where p > p  is assumed, (17) is obviously Rayleigh's 
relation [ 6 f .  Hcnce,it is revealed that  the Preisach's 
function y corresponds to the Rayleigh's constant. 

Consideration of symmetrical loop condition gives 
the reversing p o i n t  flux density B as n 

% 

t 

8 
9. 1 

Fig .  6 .  A family of typical  Richter type aftereffects 
obtained by the removal of f i e ld  intensities, 

IJhen (18) is approximated as those of (16) and the 
approximations O S  (16),(18) are substituted i n t o  (15), 
then (15) is reduced to 
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As shown abave,we have derived a Chua type  m a d d  for 
xepzesenting the magnetization properties, and c l o s e l y  
examined the  relationships to the other models. As a 
result,it has been clarifed that the  Preisach' function 
is c lose ly  related with the hysteresis coefficient, and 
Rayleigh's relationships are included in a Chua type 
model. Fuxthermore,a Chua type model has suggested that  
all of the  magnetization processes are  accomplished in 
essence through the magnetic aftereffect. 


