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Explicit time stepping schemes coupled with Galerkin discretizations of partial differential equations require
solving a linear system with the mass matrix at each time step. For applications in structural dynamics,
the solution of the linear system is frequently approximated through so-called mass lumping, which consists in
replacing the mass matrix by some diagonal approximation of it in such a way that the critical time step increases.
Mass lumping has been widely used in engineering practice for decades already, and has a sound mathematical
theory supporting it for standard finite element methods using the classical (interpolatory) Lagrange basis.

However, in isogeometric analysis the non-interpolatory nature of the B-spline basis adds extra difficulties in
constructing useful mass lumping techniques. In fact, the classical row-sum technique may disastrously impact
the accuracy of low frequencies when the geometry is trimmed, potentially inducing spurious oscillations in
the solution. Moreover, the critical time step is constrained by so-called “outlier” frequencies, representing the
inaccurate high frequency part of the spectrum. Removing or dampening these high frequencies is paramount
for increasing the step size. In this talk we first present a theoretical understanding of outliers and explain how
their removal is related to the classical n-width problem. We further propose several mass lumping techniques
for isogeometric analysis on nontrivial geometries, including multipatch and trimmed domains, then discuss a
stabilisation technique for the row-sum technique to restore accuracy in the presence of trimming, and describe
how our previously mentioned theoretical insights lead to efficient outlier removal strategies.

Finally, we look at a higher-order mass lumping technique for which several nice results from the classical
theory of splines are useful.

Joint work with: This talk is based on several papers written in collaboration with Annalisa Buffa and
Yannis Voet, Carla Manni and Hendrik Speleers, and Michael Floater.



