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Abstract. Friction dampers are commonly used to reduce the vibration amplitude of aircraft turbine blades. However,
the shape of such friction dampers can affect significantly damping characteristics and the overall nonlinear dynamic be-
haviour of the structure. The present work exploits topological optimization to identify damper geometries that minimize
response amplitude. The (near-)maximum responses are efficiently computed by solving the harmonic balance equations
and a phase quadrature condition. Moving Morphable Components (MMC) are used to describe the damper geometry
and an Efficient Global Optimization (EGO) algorithm is used for the optimization.

Introduction

In the design of aircraft turbines, under-platform dampers (UPD) are commonly used to reduce vibration am-
plitudes. The UPD geometry at the interface can significantly affect the overall nonlinear dynamic behaviour of
the structure. In this work, topological optimisation (TO) is exploited to identify new UPD shapes that improve
vibration reduction. A recent approach called Moving Morphable Component (MMC) proposes to describe the
geometry of 2D systems with a limited number of parameters [1], which enables the use of global optimisation
methods [2]. In [3], a similar approach was applied to minimise the nonlinear frequency response of blades with
an UPD. Large computational times were required due to the computation of the full dynamic response over
a large frequency range. In the present work, the computational cost associated with the nonlinear resonance
calculation is reduced by augmenting the harmonic balance equations with a phase quadrature condition [4].

Results and discussion

The proposed method is demonstrated on a simplified geometry composed of one UPD and two blades. The
MMC parameters are optimised with an EGO algorithm where points are added iteratively by maximizing the
Expected Improvement criterion. Results of an optimisation are displayed in Figure 1. The proposed approach
shows promising results. New UPD geometries that reduce the level of vibrations are found at reasonable
computational costs. Directly tracking the resonance in this way also allows us to exploit the resonance’s
sensitivities to forcing frequency and amplitude to perform robust topological optimisation.
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Figure 1: (a) Evolution of the objective function versus the iteration number and (b) the mass of the different
damper geometries versus the maximum of displacement with a few geometries illustrated
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