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An Effective Gyrator-based Transformer Modeling using PSIM
Hee-Su Choi' and Sung-Jin Choi®

Abstract

Magnetic circuit is a physical modeling method that is wuseful 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.

Key words: PSIM, Magnetic Circuit, Magnetizing Inductance, Leakage Inductance

.M

rhu

kY1
ZAl

U= de/de AHEAA = vladlY 2ake] At Vu®

c
10
)

AL

A

i
rr
=

'@

of

™

W e (Fig. DellM= W7o

243} Qg o] &3 WSty Rdgo] &
=4 H I3

] 4,
2 o] Al g
dold Exte] AAA B
o glont of E3h nlg-A

QA EA7} 2,
B9, AEAQ HA ol x

il =
A% 22 (lumped element)ell 7]1¥kat Wty &4 vt

(b)
Fig. 1. Transformers in a LLC resonant dc/dc converter
(a) LLC converters (b) a LLC transformer structure
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. MAGNETIC CORE FLUX CALCULATION
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(c) ' (d) Pos Tl +g) X(c] <9
Fig. 2. PSIM's magnetic element library 8 2 2 2
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(a) core partitioning (b) leakage flux distribution
(c) differential volume
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TABLE I
DESIGN SPECIFICATION OF LLC TRANSFORMER
50% winding 100% winding
core EE2519
turn ratio 556 : 1 527 : 1
num. of turns (pri.) 33 66
num. of turns (sec.) 6 12

insulation gap 3.3mm
wire size (pri.) 0.06 / 20 litz

wire size (sec.) 0.1 / 40 litz

relative permeance 2400 (PL-7)
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TABLE IV
LCR METER MEASUREMENT RESULTS
50% winding 100% winding
Ly 2.247mH 8.92mH
Ly 74.0uH 330.0uH
M 404.1u 1.69m
N 5.46 5.12
k 0.990 0.984
leakage 44.71uH 283.1uH
magnetizing 2.202mH 8.63mH

=
Qo9 Fopriz AN Ak @k IA Fow Ashe
Zgke] oA etk A2 PSIMe] St AIAE o]
TABLE V
DESIGN EVALUATION
category leakage | magnetizing N
measurement | 44.71uH 2.202mH 5.46
0% 1 Gnulation | 45.92uH | 2.06mH | 543
winding
error 2.63% -1.90% -0.54%
measurement | 283.1uH 8.63mH 5.12
100%
| simulation | 232.5uH |  8.61mH 542
winding
error -17.87% -0.23% 5.86%
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Fig. 6. Transformer sample. 10k 100k 1 oM
(a) 50% winding (b) 100% winding (a)
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