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1 Title
The Woodpecker: Autonomous oscillations in a discontinuous dynamical system

2 Background
Mechanical systems systems of rigid bodies are often modelled by differential-algebraic
systems. The woodpecker is a curious toy which features contact discontinuities. In
practice one can observe that this toy leads to periodic oscillations. With this project,
we try to model this behavior.

https://www.youtube.com/watch?v=2ImYyadjiVM
https://www.youtube.com/watch?v=47cYVq5ijpU

3 General Task
Your task will be to develop a mathematical model and the corresponding numerical
methods for simulating the woodpecker. In particular, you will show that stable oscil-
lations exist and find the oscillation frequency.

4 Steps
• Development of the mathematical model

• Investigation of numerical methods for DAEs with discontinuities (state switch-
ing)

1



• Development and implementation of numerical models for the woodpecker.

• Comparison to measurements.
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