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The numerical simulation of novel electric field insulators with resistive field stress
grading and of surge arrestors requires the solution of electro-quasistatic field problems.
The simulation must be carried out in the time domain due to the nonlinear resistive elec-
tric field grading materials, i.e., large nonlinear systems of ordinary differential equations
are to be solved numerically. Naturally, the numerical solution depends on the input
parameters, e.g., geometry and material data. In particular the material relations are
affected by inaccuracies, for example due to manufacturing tolerances. This is crucial for
resistive electric field grading materials since their degree of uncertainty is rather high:
these materials are composites and their specific mixture determines the electric switching
point. The production process of those materials is difficult to control. Consequently, each
insulator will have a slightly different material configuration. To this end, the switching
point is modelled as a random variable, which is e.g. normally distributed. The aim
is to determine the random distribution (typically mean and standard deviation) of the
electromagnetic field or other quantities of interest. This knowledge allows designers to
develop more robust prototypes and may be an ingredient for guaranteed quality (“six
sigma quality”). In order to reduce the high numerical costs of classical methods like
Monte Carlo the framework of Polynomial Chaos and Model Order Reduction (POD) is
used. To ensure the correctness of the uncertainty analysis, the nonlinear domains are
excluded from the reduction and POD is applied only in subdomains with constant ma-
terial properties, e.g., air or vacuum. In these exterior domains the degrees of freedom
can be reduced significantly by the proper orthogonal decomposition method without sig-
nificant loss of accuracy. The method involves a singular value decomposition to capture
the system dynamics such that it extracts the essential dynamical behavior with a low
number of degrees of freedom. Finally, only a few full simulations are necessary while
most evaluations are carried out with the reduced model.

1 Bergische Universität Wuppertal, Lehrstuhl für Theoretische Elektrotechnik, Rainer-Gruenter-Str.
21, 42119 Wuppertal, Germany,
clemens@uni-wuppertal.de

2 Bergische Universität Wuppertal, Lehrstuhl für Theoretische Elektrotechnik, Rainer-Gruenter-Str.
21, 42119 Wuppertal, Germany,
schmidth@uni-wuppertal.de

3 Technische Universität Darmstadt, Graduate School of Computational Engineering and, Institut
für Theorie Elektromagnetischer Felder, 64285 Darmstadt, Germany,
schoeps@gsc.tu-darmstadt.de


