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Abstract; Here, the authors present & model order reduction (MOR) framewark based on singular perturbation approximation 1o
accelerate the simufation of high-fidelity power electronic converters. The problem of slow simulation speeds caused due to the
wide span of the sigenvaluss is mitigated by implemeanting the proposed framework. The dynamics of the original stf system is
appraximated by naeglecting the fransient confribution of the non-dominant eigenvalues and refaining the steady-state
cantribution of all the sigenvalues af the system. The model reduction prablem has been reformulated to fit the switched nature
of these circuts, An error bound for the appraximation method has been denved. The methed is demonsirated an a DC-DC
boost converter and & Class-E amplifier. Significant improvement in speed and reduction in the size of the solution arays is
achleved. It is seen that the reduced-order models are able to replicate the response of the original models and the

appraximation error i= within acceptable limits.

1 Introduction

To minimise repetitive bréadboanding and design . alterations of
puswer electronic circuits, accure simulation ¢ essential, The goal
is to evaluste the performance of power clectronic circuits using
software for precise prediction of complex phenoiiicnn such as
parasilic effects, electromagnetic  interference,  thermal,  and
mechanical effects elc. The demand for oecursle simuolaiion s
firther escalated during the design optimisation process where
many flerations ure requined o be perfommed such thae the desgn
constraints gre satisficd amd the terget performance s met, This
prevents unnecessary cosl escalations and helps in petling the
hardwiare prototype ready in the first sttempd |1, 2],

simulution of power electronic ircuits throws up a ditferent set
of challenges oot oemnally encountered while simulsbing  their
digtal circuit comnterparts. Comparing the two, it is seen that for
the same size. while the schematic of the former is simpler. the
complexity of the levowt and analysis iz for mone complicatcd than
the latter | 3],

A characteristic feature distingnishing power clectronic circuits
i the highly non-linear behoviour of the switching  devices
emploved in power elecronic cirewiis. These non-linenrities are
muthematically st the time constonts span several onders of
magnitude, The capacitors and inductors of the power stage have
significantly longer time constants compared to the conversion
perdidd, O the other land, time constmts of ransienl shaping
compunents sach as snubhers are much smaller: The wide span of
time constenis 15 challenging in the sense that o capture the fastest
tramsicnts, an extremely small time=sep hios to be token to cnsure
the stability of the numericsl method vsed mthe simulstion. Dae to
the presence of elements with Jarge time constants, 1t 15 essential
that the simulation continues until the circuit reaches stendy stiate,
which may well be o few hundred or mone conversion periods, To
effectively captune the effects of all the clements of the cirenit, the
sumulotion must run for o Jong time, albeit with sofficiently small
time steps, The stiffness of the system miles out the wse of fixed
slep=size solvers such as buler. Runge-kuotts (RE) e [4]. For
solving such systems, variable step-size methods have 1w be wsed,
The chamctenstic feature of these methods 15 the ability G change
thee step-size of the mtegration during the course of the selution,
For the solution of fist-evolving cipenvalues, o smull step-saze has
i be chosen o ensure numerical aceuracy and stability 13]. This
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step-siee 15 baséd on the extimoted eror ot thet particular siep.
Onee the wrensients die down, the step-<ize is gradually inereased.
muintaning the error within limits: The step-stre. bowever, ennnot
b incregsed without bound, This upper limit s set due o the
perindic exortation of the switching transients [6]. [ addition, the
rransiton of the switches from o o of and vicesversa hes o be
determined socurately, This securacy has 1o be af the order of 107
of Bigher, which otherwise may bead to oscillation in the solution
[7]- This nullifics the sdvantiages of the vanable step-size methods.
Fhe simulidion of the complete response of power electronic
circuits by conventional simulation  wols wms oot o be
cormputationally probibitve and meflicien [B].

Power clectronic cirenits are highly sensitive to parasitic effects
artsimg from the actual Livout of the areunt bourd. Even thowgh the
glements prodicing these effects are abseént in the circuit
schematic, they ontically influenee the sctul behaviour of the
cireiil, For accurate simulation, high=lidelity modeis incorporming
effects such ns strov pamositics, clectromagnetic interferncnce che.
have o be developed. Naotrally, this lewds o o increased
complexity in obtaining an analytical solution of the circuit. The
pequirement of computational resources also inereases,

Although some atlempts have been made (o simplify power
electronie cirewt simulation [6 812 the problem remains Brgely
umaddressed. To asceelerate the speed  and o reduce  the
compututionsl resources needed e the simulstion, model order
reduction (MOR can be used [13]. MOR aims ol approsimating a
given larpe-seabe system (LIS} with & redvced ordier system such
that the input=output relation of the svstem 8 preserved, MOR
methods himve been extensively rescarched and suceesstully applicd
1o a wide wvarety of LSS such os circuits and imterconnects.
microelectromechanical systems (MEMS), wrbomachinery, control
desion. computationgl electromagnetics, and VLST circoits. See
[0, 15] for an elahorste survey on applicstions of MOR, Despite
their populurity, wiorks on the application of MOR methods on
power electronic clreuits e rather limited, A discrete-time state-
space model bused om the sampled-dots modelling approach has
been proposed in [16) Assuming a peneralised  discontinuous
current and voltyge mode (DOVM), the contimuoms mode (CM),
diseonfinuous carrent mode (DM, and the discontinoous voliage
mode (DM ore denved ws special eases. Redoced-order models
are then derived ssing Principal Component Analysis (PCA) Trom
the balanced realisation of the system. Tt is shown thal order
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