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Modeling of Pulsed Transformer with Nanocrystalline Cores
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Recently tape wound cores, due to their excellent properties, are widely used in transformers for pulsed or
high frequency applications. The spiral structure of these cores affects the flux distribution inside the core
and causes complication of the magnetic analysis and consequently the circuit analysis. In this paper, a
model based on reluctance networks method is used to analyze the magnetic flux in toroidal wound cores and
losses calculation. A Preisach based hysteresis model is included in the model to consider the nonlinear
characteristic of the core. Magnetic losses are calculated by having the flux density in different points of the
core and using the hysteresis model. A transformer for using in a series resonant converter is modeled and
implemented. The modeling results are compared with experimental measurements and FEM results to
evaluate the validity of the model. Comparisons show the accuracy of the model besides its simplicity and
fast convergence.

Index Terms: Hysteresis loop model, nanocrystalline materials, reluctance networks method, series resonant
converter, tape wound core.
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Fig. (1): Structure of a wound toroidal core (a) and longitudinal
and transverse fluxes inside the core
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Fig. (2): Presented reluctance network for a wound core

Wi Wilowny (53l o - V-Y
S H 3 B locanS (o sunblin aie G j0 a5 @il o
b peind g9y (o) et datiiin S L g 03925 )1 80 (s alal,
Sl olie I3 s & mabliie Ghae 5 il
MQWwaJQT@po;MW@I‘&b;
s s 8 dasein opl Jles! jshaie a4l oo yial38l il oo
Joe S5l omablise wla 380 ol iores o gildos o
seoloe (657303985 ¢ Jae ol 3l oolainl b ogl oo ooliiw] wilewy
O Qledl )3 09290 (L0 (JBe @ 4z b alaxd o Lol e
Olell lowy adl> mhaw 3l oolatul b 5 Lol jo lali 00,5 o
boldl ol ggemme IS5 bl ol ool auls LB
IA] ol ous o5l slas  siiosles Jow ol 5 Joe ol ol oo
Dol g [a] 5o Jaw slo el )y 2l y5eial ogos cpizman o Joe Slise
dasein ML ol Jae gl el )l zlsel jshiedy aloads «l)|
a4 Suop pWilS 3 S5 (Ve Hz pSTos) ol uilS 8 S5 0w
oolainl g daseive 90 oyl idls b ogd (oS ojlal Cgllas uilS,8

0,8 e 1y Joe la el b Gl e il (35l sla g,

S gy a5l Jo ¥
& Olgse o5 gy sl eolail b (ouilSl, el LSas 1 ey
Al LSiS Gl Sy o eeebloe Sy s
le mmf 5 bz glagll o uliSyl, polie Wb (wilSy,
Tl jlade a4y (as 8 slouiliSel) a5l (g 230,5 end
Jo 5l om0 ) B g ol [l JBs 1 (b oS el LS



S glwans -)-F
Finemet pb UL (5,50 urbolineg,d lsi jo0 YO Jols S -l
o ol sl g Ve MM (g, ded ol (Sl glad il e
Oledl Fevay aiin 190 yo s gjludas gl il o V- mm
Ohgy ol eolaiwl bl Jlade ledl olass cpl b .ol ool s
Sl did (oo (6003005 (55l 10 ol 1Y ous &3l )) s
ain a5 Jlocl ;90 — ol § 05 g0 48,5 La5 o pr = 30000 <ol
Ndleys 3 FEM 5l eslaul b mbs obs)) Glp casl +/Y A
Jade cui g w (0) 9 (F) sl IS sl ouls solaiwl Maxwell
(F) o )0 amasoe plas 1) ats (49,0 (o250 5 Job sla)ls
dale pnblise g 090 b 65, » aes Job slaylo
@l Aol o (b ) 2 0o Sla)lh (izes aload
Glyeo j0 )La wuad Ol sy ((Q) JS5) conl onds asin dws
Wt (93 (92,0 )L 392y el patine baly okl 5 ol
G ls aib e ats jo S8 ple alold S sgxg cnms L
FEM mls b o5 Gldal oo il g, 5l eolaiwl b ol cews
= b dlols 2l anlio gl caslin jlxe S 4l (gl a3yl
Tt wye bawgte ady, oadJloy bes 3l ewil atsls FEM

el e Gy gy O ygohs 4 1S oo oolit] (NRMSE)

1 lZ(Bi_ﬁi)Z
Bmax _Bmin n i

B il FEM 3l ousl coss 4 )5 JEx Juie B o1 ;5 a5
laglall sl 1 5 cond Jow b ond apsle [l JE> laie
oyt oyls gl s IVIF Jsb clals oly Jlaxe ol il
ol g il pslle S8y Jaw 1ol Cuwsdy gl e sl LYY

NRMSE = ®

FEM (gjloacs jo o)ls Slgean ool &l)l cons 3g, b cdo
Jsb 4l YIF o] G g ol LdI V0 v ghls i couds plo]
&) ot Soe g 009 Hledl Voo GLISRNM Joe oS oo
i olei)) 5 S s S 3 oslinal s bl e 4t ¥
oS col Maxwell jl3dle 5 o aiws 5045 (gujin (09 SYeb

Dy ley 4B ¥ dga dis pl (gl

o.3f
e
2 WA
2
0.21
: |
g 0.1y
: AR
0 0.25

lenath (m)o'5
bl Jlgi vy 51,35 L g9, » (Jsb ,Lo (S8 mjs8 (D) S5
L1 Lks)

Fig. (4): Distribution of longitudinal flux on a line passing from
the middle of the tape (line L1)
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Fig. (3): Selected close path in order to test the accuracy of the
model
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Table (1): Characteristics of used Nanocrystalline tapes
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Fig. (5): Distribution of transverse flux on a line passing from
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