
Model order reduction of an electrical machine controlled with 
an error indicator

L. Montier*†, T. Henneron*, B. Goursaud† and S. Clénet*

*
Univ. Lille, Centrale Lille, Arts et Métiers Paris Tech, HEI, EA 2697 - L2EP -Laboratoire d

Electrotechnique et d Electronique de Puissance, F-59000 Lille, France
E-mail: laurent.montier@ensam.eu

† EDF Lab Saclay, THEMIS, 7 Boulevard Gaspard Monge, 91120 Palaiseau, France

ABSTRACT

To model low frequency electromagnetic devices, the Finite Element (FE) Method combined
with a time-stepping scheme is widely used to discretize Maxwell’s equations since it has
mathematical background which guarantees its accuracy. Moreover, this method allows to
take into account nonlinear ferromagnetic materials and can be successfully coupled with its
physical environement as electrical  circuits or mechanical components. However, solving
this  problem  implies  a  very  high  computational  cost  which  may  be  unaffordable  for
industrial  applications.  Indeed,  in  order  to  accurately  model  the  device,  a  fine  mesh  is
required, leading to a large number of unknowns. 

To tackle this issue, Model Order Reduction (MOR) methods have been proposed in the
literature. The Proper Orthogonal Decomposition1,2 (POD) is the most popular method to
solve problems in engineering. In the case of non-linear systems, the POD is combined with
the Empirical Interpolation Method3 (EIM) to keep an effective reduced model with a good
speed up.  Both these approaches  are  based on the snapshot  technique which consists  in
solving the original problem for a set of given parameters. The efficiency of a reduced model
depends on the choice of the snapshots. In order to build an accurate reduced model on the
full  operating  range  of  an  electrical  device,  an  Offline/Online  approach  based  on  the
expertise of the engineer is used4. 

However, speeding-up a FE system with tools such as MOR techniques is ineffective if we
cannot evaluate the accuracy of the approximated solution. Thus, an error indicator seems a
key tool in order to build robust and accurate reduced systems. Therefore, we propose an
approach  based  on  a  reduction  error  indicator  to  build  a  robust  POD-EIM model  on  a
rotating machine considering the circuit and mechanical coupling.
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