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Abstract: An adaptive multi-resolution simulation (AMRS) framework for fast and accurate simulation of high-fidelty models of
power electronic circuits (PECs) is presented in this study. The wide span of sigenvalues makes PEC simulation prohibitively
slow. This problem can be tackied using the proposed approach. Singular perturbation approximation is used to exiract
simplified models by ignonng the transient contribution of the non-dominant egenvalues, Simplified models of different orders or
resolutions, each corresponding o a paricular level of accuracy are derived on Ihe fly at no additional computational cosl. The
simulation engine is set such that it adaptively switches across resolufions based on a predefined tolerance during the
simulation, This approach |s advantageous (n the sense thal instead of simulating the orginal model over the antire time-range,
a combination of the original and simplified models is simulatad, The combined use of the original and the simplified models is
thus shown to be a powerful tool for efflclent and accurate simulation of PECs, The examples llustrated, show that the AMRS
approach makes the simulation considerably faster and ensures tha complete responsea of the system is obiained with negligible

errar. The method | llustrated on a Class-E amplifier and a DC-DC buck—boost converter,

1 Introduction

Power clectrome cireuits (PECS) are known Lo have time constants
spanming muliiple crders of magnitode. The swiiching irmnsitiony
in these circuits are of the order of micro or nanoseeonds whersas
load trunsients o closed=loop start-up trnsienty may last for
seconds o minutes [1], To capture the fistost transients znd fo
ensune convergenice, an extremely small fime-step has to be nken
Alsg, o factor-in the large time constants, the simulation mise
comtinue for o few hundred or mome conversion oveles tll steady-
siate is achieved. Simulation of power-glecironic-hased sysiems iy
thus a time-consuming process.

In situations where computation of the peak voltige and current
stresses. determination of switching losses or precise detection of
switching events ete. s of critieal imporance, detmled high-Adelity
modets have o be used (2] This further escalates thi simulation
problan. lo addibon, accurate  sunulabon s desired =0 thar
repetitive design alterations and  breadboarding  of PECS are
minimmised. The e is o use soflware for evaluation of the
performance  of  the svstems  for  precise  prediction  of
electromagnetic  interference, evaluation of complex  perasitic,
thermiad and mechumenl effects which may arise while fabricating
the hardware prototvpe. During the design optimisation process,
many  terations: have o be camed oot oo sabsly o the tareet
merformance criteria. This helps in preventing  unwanted  cost
overruns aml helps to get tho prototype ready @ the Grst attempt.

For simulating sysiems where the rates of chonge of variables
are almost the same at all omes, fixed step-size methods such s
Euler, Bunge—kuits ¢, work well [3]. For 00T svstems where the
rates are not constant and the slow and fast variables occur at
different times, vanable-step-size methods are vsaed. A small time-
step i= chosen to capivre the fast mransients, which s gradoally
mnereased to capture the slow ransients and obtun the lomge-tenm
seadyv-siale response of the system. Tn another catepory of svstems,
siow and fast voriables are often present ot the same time. Such
systems are relerred 10 as multirale sysems [4] At least one Tast
variable is alwavs present. This makes the simulation ineflicient for
the slow varabies that could have been efficiemly solved with an
inercased step-size. The wdventages of the  virisble-step-size
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imethods ase thus aullifeed in these svatems, PECs penerally belong
frr this eategory [ 3],

Several sttemps hove been mude to solve and simplily the PEC
simulation problem, Tn the circuit aversging method [0, the circui
w5 split info fast ond slow subcircoits pod the dyspmics of the fuse
subcircuit i3 averaged out. This method, however, ignores the
ripple and switching dynamics. Decoupled simulation approach [7]
used a Leansimission line model o hnk the fwo subeircuits, The
disadvantage is that the swirching cycles of the fast subeircuin
cannel be ormitied. oo the envelope-following methods, even
though the circuit i mot split, only the shorest periods of the
ciremt can be macked |1, Multiate simulation methods {3, §] have
also been wsed 1o aecelerate the simulation of PECs where the
partitioned subeireuits are solved with ditferent ime-steps,

Alternativety, miodel order réduction (MOR) methods con be
el o simplily the PEC simulation problemn. MOR aims o Ginding
4 reduced-order model (ROM) which approxmmtes the dynnmes
of the ongingl svsiem. Some examples are in [9—14]

Some applications of MOR w0 PECs sre mentioned bere:
[13], 0 diserete-time state-space model bised on the sampled-data
madelling spproach has been proposed. Starting with a generalised
dizcontinuous current ond voltage mode, the combinuods inods,
discontineous current made and the discontinuous valiage mode
are derved os special cases. Then, ROMS ore denived using
principal component wnalyvsis (POA)Y from the befaneed rerlisition
of the system I s shown that the order reduction in all modes 15
possible after analysing the controllability and the observability
pramians of the hatanced systemn. PCA has plso been psed i [ 16]
o approsimate the frequency sesponse of o fourth-order DO-DC
comverter by a second-order system. Balsneed truncation (BT} has
been used in [17] o derive ROM for o half-bndge series resonant
imverter. Order roduction technigques have been applied o high-
fdelity  mugnete equivalént circuits  incorporating  saturstion,
relative motion and multiple winding systems yvielding efficiem
simulntions | 18], Non-linear model reduction for fost simelation of
power systenis his Been outlined i [19 200, A procedine for (st
sumulation of thermal and parssitic models of power-clectronic-
based systems u=ing MOR has been présented i [21-23] In [24],
reduced models of converters wre derived by discanding the fis:
states ub first with an spproximation of ther miemction with slow
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