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Motivation

Brake Creep Groan is a low frequency noise phenomenon, which can occur when brakes are applied or released in
the low-speed range. It arises from a stick-slip movement between brake disk and brake pad, which leads to an
intense vibration in the entire axle-brake corner and hence to an unpleasant noise in the passenger cabin. To better
understand the underlying physics as well as investigate influencing parameters on creep groan, minimal models
can be considered. Below is shown the most prominent 1 DOF model which represents the stick-slip effect in a car
brake during creep groan:
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The underlying equation of motion of this 1 DOF model involves a discontinuity in the right-hand-side which results
from the friction model. Hence, the numerical solution highly depends on the integration scheme as well as the
integration parameters.

Tasks

In the scope of this thesis different multi-DOF creep groan models should be implemented and investigated. First, a
robust integration scheme for the above 1 DOF model should be developed. Subsequently, the integration scheme
should be applied to different multi-DOF models. These should be derived from literature as well as from real vehicle
measurements and should be implemented in Matlab / Simulink. The models should be validated by measurement
data provided by BMW. Ultimately, a suitable model should be chosen to study the effects of different parameters on
the vibration behavior. The thesis can be written in german or english.

Project Stages
e Familiarization with brake creep groan, the stick-slip effect and matlab / simulink
o Derivation of the analytical solution of a simple 1 DOF minimal model
e Implementation of a robust numerical integration scheme for the 1 DOF model
e Implementation of different multi-DOF creep groan models (from literature / measurement data)
e Parameter study of one multi-DOF model
¢ Documentation and visualization of the results
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