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Preface

The major aim of this monograph is to show that the nonsmooth dynamics frame-
work (involving keywords like complementarity problems, piecewise-linear char-
acteristics, inclusions into normal cones, variational inequalities, multivalued char-
acteristics) is a convenient and efficient way to handle analog switched circuits. It
has been long known in the circuits community that such nonsmooth switched sys-
tems are difficult to simulate numerically, for various reasons that will be recalled.
In parallel the simulation of nonsmooth mechanical systems (i.e. mainly mechan-
ical systems with nonsmooth interface or contact laws, like unilateral constraints,
impacts, Coulomb’s friction and its many extensions, etc.) has been the object of a
lot of research studies (see for instance the recent monographs Acary and Brogliato
2008 and Studer 2009). This field has now reached a certain degree of maturity,
and has proved to be a quite useful and efficient approach in many areas of me-
chanics. Here we would like to show that the tools that have been employed in the
contact mechanics context, can be successfully extended to the simulation of analog
switched circuits. To the best of our knowledge it is the first time that such exten-
sive numerical simulations using the nonsmooth dynamics framework for analog
switched circuits are presented and published.

Vincent Acary
Olivier Bonnefon
Bernard Brogliato

Montbonnot
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6.3.4 Building the System N(x, t)ẋ = f (x, z, t) of (3.70) . . . . 202
6.3.5 Building the Relation 0 = g(x, z, t) of (3.70) . . . . . . . . 203
6.3.6 The Stamp Method for Nonsmooth Components . . . . . . 204
6.3.7 Some Stamp Examples . . . . . . . . . . . . . . . . . . . 205
6.3.8 The ACEF Global Execution Algorithm . . . . . . . . . . 206
6.3.9 An Example of the Stamp Method with Nonsmooth

Component . . . . . . . . . . . . . . . . . . . . . . . . . . 206

7 Simple Circuits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
7.1 Maffezzoni’s Example . . . . . . . . . . . . . . . . . . . . . . . . 215

7.1.1 The Dynamical Model . . . . . . . . . . . . . . . . . . . . 216
7.1.2 Simulation Results: Failure of the Newton-Raphson

Algorithm . . . . . . . . . . . . . . . . . . . . . . . . . . 217
7.1.3 Numerical Results with SICONOS . . . . . . . . . . . . . . 219
7.1.4 Numerical Results with ELDO . . . . . . . . . . . . . . . . 219

7.2 A First Diode-Bridge Wave Rectifier . . . . . . . . . . . . . . . . 221
7.2.1 Dynamical Equations . . . . . . . . . . . . . . . . . . . . 221
7.2.2 Simulation Results . . . . . . . . . . . . . . . . . . . . . . 222

7.3 A Second Diode-Bridge Wave Rectifier . . . . . . . . . . . . . . . 224
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