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Abstraet: In this paper, we prosent a Model Order Reduction (MOR) framework to enlanes
the sinmbation speeds of switcled Ligh-fidelity power electronie eiveuits with nonlinear indnetors,
The nonlinear inductor is modeled as o piecewise linear element. The problem of prohibitively
slow spocds of the simulation cansed due to the wide span of the cigemvalucs is mitigated by
inpletwenting the proposed framework. Dynaics of the original st systenn is approximated by
a nonstHE redueed order system by retaining the doeminant modes of the systen. The method i
demonstrated on a DC-DC boost converter with a saturated inductor. Significant improvements
in simnlation specil and considerable reduetion insize of the solntion arrays is achieved,
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1. INTRODUICTTON

I order to rednee design alterations and ropetitive broad-
hoarding of power clectronic circults, an accurate sine-
ulation strategy s essential, This helps in getting the
Lardware prototype ready i the ficst attempt and also
mindmizes anwanted cost esealations (Mobhan et al., 1904),
Compared to digital eireuit simulation, the simulation of
power eloctronic civenits throws up an aliogether different
set of chiallenges. It is seen that for the two cirenit types of
Lhe same phvsical size, Lhe complesity of power electronic
circiits far excccds thal of their digital circnit eonnterparts
(Wilson, 1088),

A distingnishing featwre is the highly vonlinear behavior
of the switching devices used o power electronic circuits,
Theso nonlinearities are mathematically s6fF: their thme
constants span several orders of magnitade, While indue-
tors and eapacitors of the power stige have significantly
large time constants in comparison to the conversion pe-
riod, time constants of transient shaping components sueh
as snubbers are mueh smaller. This wide span of the
cigenvalues is cspocially challenging in the =ense that to
capture the fastest fransients, an exceedingly small tine-
step hias to be teken to ensure stability of the mumerical
method nsed in the simulation. However, the simlation
st continne till the system reaches its stesdy state, This
may well be a few hundesd o move conversion periads,
owing to the presence of elements with large time con-
stants, Therofore, 1o captire offects of all the elomonts of
the eirenil. the sinmilation mnst run for o long thme, allweit
with sufficiently small time-steps,

Tlie use of fixed step-size nmtegration voutines sucli as
Euler, Runge-Kutta (RK) ete, is naturally ruled out due
the stiffness of the system. Even with stfl solvers wasing
variahle stepesize such as numerical and bacloward diffier-
ettistion forinlas (NDFs) and (BDFs) (Shampine and
Teichelt, 1997}, the simulation is still slow as the step-
size cannot be changed without bovnd. An upper limit on
the step-size is set by the magnitude of transients in the
civeuit, Also, the transition of the switches from an to eff
il vice-versa needs to be determined with an acenraey
of the order of 1071, which otherwise leads to oseillation
i the solntion (Wong ot al | 1984).

Poswer eleetronic cireaits are highly sensitive 1o parasitic
effects arising due to the pliysical lavont of the elements
on the cireuit board. Even though the elements producing
thiese effects pre absent o the cireait schematic, TIH-}' crit-
ically alter the actual behavior of the civenit. For acourate
simulation, it is thus required that detailed high-fidelity
miclels incorporating effects such as stray parasitics and
electromagnetic interference be developed. This naturally
leads to inereased complexity in obtaining the analytical
solution of the circait varables, Computational resourees
veguired for-solving such systems also increase,

Even though some attempts have heen made in the past
to address some of the ssues in power electronic circuit
simnlation, the problem continnes to reain naddressed,
see White and Leeb (19091), Makshmovie (1997), Sun and
Grotstollen (194971, Felder and Tembold (2008, Pekarek
et al. (2004], Lian aml Leho (2002), Kato et al. (2000},
Khan et al. (2017}, IKhan et al. (2018), To enhance the
simlation speed and to redoce the computational re-
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