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Abstract: While modelling power electronic cirenits (PECs) for detailed and accurate
simlations, effects such as parasitics, reverse-recovery, saturation nonlinearities ete. need to
Le congidered. This Lielps in gaining & Letter insight into the actual cirouit operation on the
breadboard. The goal is to obtain simulation results which are ns close as possible to the
hardware neasarements, However, the simulations of Lhese detailed models are exteemely slow
chie tor the large spread of the eigenvabues. This class of systeins ave stiff in natire and cannot
be solved very efficiently using conventional simulation approaches, To tackle this problen:,
we propose an adaptive simolation scheme where the model order varies as the stomolation
procesds. By approsdmating the dyvnamics of the non-dominant eigenvalies willy constant terns,
simplified models of PECs are derived. These approximate models of varving resolutions or
orders, corresponding to different levels of aconracy are extracted from a given model doring
the online sinmlation phase with no extra computing burden, The simulator is designed to
antomatically jump across resolations such that a combination of the approximated and the
original models is simnlated. This approach is shown to be s powerful tool for fast simolations of
PECs The simulations nsing this approach sacenvately replicates the original system dynamics

arul at the same time, are significantly faster with minimam approximation ereor.
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1 INTRODUCTEON

Madels describing power electronic civenits (PECs) are
sUfF i pature doe to the presence ol both Tast and slowly
evelving variables. The time-constants of these models span
multiple orders in terms of magnitwde, This makes the
simulation cxtremely slow. Simulations of these eironits are

comventivmally carried gt with variabbestep size metlods.

Even with these variable step-siee solvers, simulations
are slow ol often tine consuming. The problem gats
compounded when acenrate simnlations are required and
wleen nonlineanties of the civeuit elements have to be taken
into consideratlon. The goal is to make use of simnlation
tools {Evans ot al., 2016) for aceurale estimation of parasitic
elfects, electromagnetic iderference, thermal interactions
et which way come into the picture during the fabrication
of the device prototype. Also, in the design oprimizarion
process, mmerons iterations are 1o be performed to mest
certain ot eriteria, Unnecessary cost avershoots can be
prevented and the protolype can be mannfactured vight in
thie fivst attempt.

Numerous methods have been proposed to simplilty the
problems in high-fidelity PEC simulation, Some of them
nclhide cirenit averaging, multirate methods (Kato of 4l

2009, 2007} and deconpled simulation (Deml and Tarkes,
19049), to pmue a fow, Model oeder reduction (MOR)
methods (Benner, 20217, where the aim is 1o approximate
o given system with its reduced-order model (ROM )}, have
also been used to address the lssues o computationally
expensive sinmlations. Sowe exatuples lnclude (Osipov and
Sun, 2018; Fvans et al., 2016; Li el al., 2017).

Heve we prisent a novel adaptive multiresalution simu-
lation (AMBRS) framework to efficiently simmlare detailed
high-Ndelity models of PECs with nonlinear elenems, Using
singular porturbation principles, and taking advantago of
thee wicle span of Ul tine-constants, sinaplified weodels
of varyving resolutions or orders on-the-Hv from a given
cireuit model, An adaptive switching across resolutions is
performed by the sinmlation engine which ensures that a
combination of these models is sinmlated.

Each of these models corvesponds to o given accuraey
level (Chapmean, 2004) with the maximam resolation model
being the most aceurate representation of the cirenit. Tlese
madels are extracted from the svstem by using the coneepi
of cigruvalue dominance and considering the steady-state
contrilntion of the non-dominaat eigenvalines, It has to
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