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An Effective Gyrator-based Transformer Modeling using PSIM
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Abstract

Magnetic circuit

is a physical modeling method that

is useful in designing and analyzing power

transformers, especially for a priori evaluation of leakage and magnetizing inductance before actual production.

In this study,

a novel modeling approach that uses PSIM magnetic elements adopting gyrator and

permeance—capacitances is investigated. A formula to determine the permeance-capacitors in the core and
leakage path are established, and a simulation jig is devised to link the physical model and the electrical
terminal characteristics with an automated parameter determination process. The derived formula is verified by
measurement results of the prototype transformer samples. Given its accuracy and simplicity, this approach is
suitable for analyzing and designing LLC resonant transformers whose leakage and magnetizing inductance are

very critical to circuit operation.
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Fig. 1. Transformers in a LLC resonant dc/dc converter
(a) LLC converters (b) a LLC transformer structure
with side-by side winding
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Fig. 2. PSIM's magnetic element library
(a) winding (b) linear core (c) airgap (d) leakage path
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Fig. 3 Magnetic circuit building
(a) core partitioning (b) leakage flux distribution
(c) differential volume
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Fig. 4. LLC transformer magnetic modeling
(a) transformer magnetic circuit (b) PSIM magnetic
model.
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Fig. 5. Extraction of terminal characteristics
(a) APR model (b) simulation jig.
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Fig. 6. Transformer sample.
(a) 50% winding (b) 100% winding
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t}. Fig. 7& EW 54
H=2 Fs 5 agsiez
7] W59 718 4
714 AR 7
AlEY ol ac Sweepﬂ%_‘li AaAsE Fig., 83} 7ol
Ebd T}, w}a}/ﬂ Fig. 77} Fig. 89 dyjd 2 FAo] A
of dXFS AT 4 i) wEhA] AP o] Fuka
o o3 EAE dF 7Meds T

f9 Folaol Wel Wk R AR oo

e o

it

i)

N

¥o,

[‘

<

o

!

w2

=

=

X

_1

>
TR
oo

o ¥ 4y 4 r2 o

1o

o{l

5

fru

e
'y =

E

s

oo

;o

rg

o

_VE,

W 5
e

& PSIMAIA ATeke shadlE solnee)
of WerlE wegal Wy Ul wAe)
@ W Afs] A e 2 28 g

£ %rﬁ i

ﬁmiigmm._n&rm

S
ou:
rZ
o
2
O
f
_0,~
—ﬁ d
é
r
EE
0
ol
N
)
%

A5 AR~ Qe r%fsw_
A

e M
ol
N
il
)
L
ol
ol
Q
o
B

UM LS S VU DU e A
)
w
=
Lo
=)
H
o
I
o
[z
i)
i)
f
o
oo
P,E

tlo ot
o

it

i

2

rE

A

N

—

oX

kil _10(.

ol Tricte] xS o
(No. 2014R1A1A2059772)

References

[1] B. Yang, F. C. Lee, A. J. Zhang, and J. Y. Lee, “LLC
resonant converter for front end DC/DC conversion,” in
Proc. IEEE Appl. Power Electron. Conf., pp. 1108-1112,
2002.

[2] G. M. Kim, J. U. Yoo, T. K. Kim, C. H Kang, and T.
W. Chun, “Development of battery charger for electric
vehicle using the LLC resonant converter,” Transaction
of the Korean Inititute of Power Electronics, Vol. 18,
No. 5, pp. 443-447, Oct. 2013.

[3] N. H Kim, J. H. Nam, and K. H Choi, “A study on flux
barrier of permanent magnet assisted reluctance
synchronous moter design using FEM,” Transaction of
the korean inititu. of Power Electronics, pp. 298-302,
Aug. 2008.

[4 C. Alvarez-Marino, F. de Leon, and X M.
Lopez-Fernandez, “Equivalent circuit for the leakage
inductance of multiwinding transformers: Unification of
terminal and duality models,” IEEE Transactions on
Power Delivery, Vol. 27, No.1, pp. 353-361, 2012.

[5] L. Dixon, “Deriving the equivalent electrical circuit form
the magnetic device physical properties,” Oct. 1994.

[6] G. W. Ludwig and S. A. El-Hamamsy, “Coupled
inductance and reluctance models of magnetic
components,”  IEEE  Transsactions on  Power

Electronics, Vol. 6, No. 2, pp. 240-250, Apr. 1991.

[71 D. C. Hamill, “Lumped equivalent circuits of magnetic
components: The gyrator—capacitor approach,” IEEE
Trans. on Power Electronics, Vol. 8 No.2, pp. 97-103,
Apr. 1993.

[8] D. C. Hanmill, “Gyrator-capacitor modeling: A better
way of understanding mganetic components,” Applied
Power Electronics Conference and Exposition, pp.
326-332, 1994.

[9] L. Yan and B. Lehman, “A capacitor modeling method
for intgegrated magnetic components in DC/DC
converters,” IEEE Transsactions on Power Electronics,
Vol. 20, No. 5, pp. 987-99%, Sep. 2005.

[10] P. K Preetha, S. Jacob, and P. S. C. Nair, “An
equivalent circuit model for star-star-delta_utilized
distribution transformer,” IEEE Region 10 Conference,

pp. 1-6, Oct. 2014.



214 PSIM 22 o] &3 Wgty] By 9 324 22U

[11] PSIM User’s Guide, Ver. 9, May, 2010, POWERSIM. = 8 (EE %)

[12] Tutorial on How to Define the Saturable Core Element, 2016 24 M7|ZstE £, 2016~
July, 2006, POWERSIM. T ER S st MUIZEE MARE, B

[13] M. E. Eaton, “Adding flux paths to SPICE’s analytical - 2oz #HeY| pdzal FMMEME 5 M
capability improves the ease and accuracy of dMXRE2 2@ 2 Ao,

simulation power circuits,” Applied Power Electronics
Conf, Vol. 1, pp. 386-392, 1998.

[14] Calculation of the effective parameters of magnetic
piece parts, british standard 60205, 2009.

[15] E. C. Snelling., 1969, Soft Ferrites-Properties and
Applications, second ed., London Iliffe Books LTD, pp.
337-358,

S M7ISSR(AAL. 20062 M0 7|

4 SS(EY A AN

[16] D. Simone, C. Adragna, and C. Spini, “Design guideline Kt QA AZ|0| AFHE #ol gl 2AofL

for magnetic integration in LLC resonant converters,” 2 NIE~3A SA M7|Zeke x=mS

International Symposium on Power Electronics, pp. ot &5 HZE Qe ZAlEol= SMAM2IM2D AKX Aol L
960-957, 2008. S MMxtslz 23t Fof

[171 N. Y. Abed and O. A. Mohammed, “Physics-based
high-frequency  transformer modeling by finite
elements,” IEEE Transactions on Magnetics, Vol. 46,
No. 8, pp. 3249-3252, 2010.



