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The concept of nonlinear normal modes
(NNMs) is fundamental to understanding the
behavior of nonlinear dynamical systems and
has been extensively explored for a wide ran-
ge of system classes. NNMs can be under-
stood as continuations of the classical funda-
mental solutions of linear systems. They re-
present invariant sets on which the nonline-
ar dynamics can be reduced to a lower di-
mensional system. Therefore, NNMs are very
useful for deriving computationally efficient
reduced order models. For nonsmooth sy-
stems, the task of finding NNMs is more chal-
lenging than in the smooth framework due to
the lack of differentiability. In a recent work,
the concept of invariant cones has been ex-
tended to compute the NNMs for a class of
nonsmooth systems, which are continuous
and piecewise linear (CPL) [1].

In this thesis project, you will investigate dis-
continuous systems, aiming to establish a si-
milar link between the NNMs in mechanical
systems with friction and the invariant co-
nes of discontinuous piecewise linear (DPL)
systems. To start this quest, you will learn
the theoretical principles of NNMs. Then, you
will implement a simple numerical model of a
nonsmooth system with Coulomb friction, for
which you will compute the NNMs using in-
variant cones. Once this specific case is well-
understood, you will be encouraged to follow
an extension path of your choice. Possible ide-
as include exploring data-driven approaches
and applying the method to a higher dimen-
sional FE-model. The overall goals of this pro-
ject will be adjusted based on the thesis type.

Simple 2-DOF friction oscillator

−100 −80 −60 −40 −20 0 20 40 −40
−20

0
20

40

−60

−40

−20

0

20

40

60

x1

ẋ1
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Illustration of invariant cones and NNMs in state
space
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