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ABSTRACT 

Friction dampers are classically used in turbomachinery for bladed disks to control the levels of vibrations at resonance 

and limit the risk of fatigue failure. It consists of small metal components located under the platforms of the blades, 

which dissipates the vibratory energy through friction when a relative displacement between the blades and the damper 

appears. It is well known that the shape of such component has a strong influence on the damping properties and 

should be designed with a particular attention. With the arrival of additive manufacturing, new dedicated shapes for 

these dampers can be considered, determined with specific numerical methods as topological optimisation (TO). 

However, the presence of the contact nonlinearity challenges the use of traditional TO methods to minimise the 

vibration levels at resonance. In this work, the topology of the damper is parametrized with the Moving Morphable 

Components (MMC) framework, and optimised based on meta-modelling techniques: here kriging coupled with the 

Efficient Global Optimisation (EGO) algorithm. The level of vibration at resonance are computed based on the 

harmonic balanced method augmented with a constraint to aim directly for the resonant solution. It corresponds to the 

objective function to be minimised. Additionally, a mechanical constraint based on static stress analysis is also 

considered to propose reliable damper designs. Results demonstrate the efficiency of the method and show that 

dampers geometries that meet the engineers’ requirements can be identified. 
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INTRODUCTION 

The design of aircraft turbines is of major importance in the aeronautic industry, as they are subjected to numerous 

loadings: thermal, vibrational, stress etc. More particularly, a vibration analysis must be carried out to limit the 

phenomenon of high cycle fatigue that could lead to dramatic accidents. Due to the high modal density of turbines, all 

resonances cannot be avoided and so the level of vibrations at resonance must be controlled. One solution consists of 

the introduction of damping in the system. For such applications, dry friction damping is now a classical solution. It 

can be introduced in different locations of the bladed disc, namely at the tip of the blades, under the platforms of the 

blades etc. For high pressure turbine, a classical solution is the introduction of underplatform dampers [1]. It consists 

of small metal pieces, introduced under the platforms of adjacent blades, that are maintained in position due to the 

centrifugal loading during operation. When the blades vibrate, a relative displacement appears between the latter and 

the damper. It generates friction and so energy is dissipated. Due to this dissipation, vibrations are damped. This 

friction contact is the origin of a nonlinearity in the system dynamics. It is established that the shape of the contact 

surface has a strong impact on the damping efficiency [2]. With the coming of additive manufacturing, the question 

of the interest of topological optimisation (TO) for friction damper is natural. 

 

TO for continuum structures consists in determining the optimal distribution of the material over a given domain and 

for given boundary conditions [3]. The topology of a component is defined by the location of the limit between the 

interior and the exterior, and the location of inner holes. These limits and these inner holes are optimised to minimise 

an objective function with respect to constraints. The first family of classical approaches to solve TO problems are the 

density-based methods. An initial mesh of the system is constructed and the material density of each mesh element are 

then optimised. The updating process in the optimisation is based on the sensitivity of the objective function to the 

density variation in each element. A second family of methods exists where the geometry is described implicitly with 

a Level-Set Function (LSF) and then propagated by solving the Hamilton-Jacobi equation using the shape sensitivities 

of the LSF. Both methods require the sensitivities of the objective function to the element densities or to the shape, if 

not known analytically, they might be too expensive to compute numerically. A recent approach, called Moving 

Morphable Components, proposes to parametrise the LSF with a few parameters [4], making possible to use more 



standard optimisation methods, and more particularly global optimisation algorithms that are well adapted for 

expensive objective function and/or when the gradients are difficult to determine [5,6,7]. This method has already 

proven to be efficient to deal with the optimisation of friction dampers for nonlinear vibrations [6,7]. Previous works 

were only focused in the minimisation of the vibration amplitude at resonance. However, numerous geometries 

presented very thin parts and so were not reliable. The interest of considering a static stress constraint in the 

optimisation to avoid such geometries is investigated in the present work.  

 

First, the system under study is briefly presented. Second, the moving morphable components framework is presented, 

as well as the optimisation process. The computation of the nonlinear response with the Harmonic Balance formulation 

augmented with a phase constraint is introduced, as well as the computation of the static stress constraint. Finally, 

results are analysed and the choice of the static stress constraint discussed. 

 

 

SYSTEM UNDER STUDY 

The mechanical system under study is a 2D system that simulates the dynamic behaviour of two blades of a high-

pressure turbine [8]. It is composed of two blades represented by two beams with platforms and represented in Fig. 1. 

The blades are connected to a basis that represents the disc. The damper is located between the two blades, under the 

platforms. In real-world conditions, the damper is maintained in position due to the centrifugal loading. Close to 

resonance, when the blades vibrate, a relative displacement exists between the damper and the platforms and so friction 

appears. It dissipates energy and so the vibrations are damped.  

 

In this study, the blades are excited at the base of blade 1 (see arrow in Fig. 1) with an amplitude of 8N, and output 

displacements are observed at the top of blade 1 (green point in Fig. 1). A finite element model (FEM) for the blades 

is constructed in Abaqus, it is composed of 3324 8-nodes bi-quadratic plane strain elements. The structure is made of 

steel with a Young modulus of 197GPa and a density of 7800kg/m3. First bending modes of the blades can be in-phase 

(IP) or out-of-phase (OOP) and takes place at 246.73Hz and 247.51Hz, respectively. They are obtained without the 

damper and modeshapes are represented in Fig.1. An initial FEM for the damper is constructed, and is composed of 

3604 elements with the same material than the blades. The meshes are constructed to ensure the matching at contact 

points. The damper mesh will be updated during the optimisation process, as explained later on. 

 

Contact surfaces are discretised and a node-to-node contact modelling approach is adopted [7]. For each contact 

element, the 2D contact model is composed of one Jenkins element and one normal spring to ensure normal load 

variations. Each element is characterised by four parameters: the friction coefficient 𝜇, the normal contact stiffness 

𝑘𝑛, the tangential contact stiffness 𝑘𝑡 and the initial normal pre-load 𝑁0. Three contact states are possible, namely 

separation, stuck condition, slip condition. For the rest of the study, the friction coefficient is taken equal to 𝜇 = 0.5, 

and it is assumed that the contact stiffnesses are equal in the normal and tangential directions and depend on 𝑁0. The 

hypothesis is made that the initial contact pressure is homogeneous and depends directly on the centrifugal loading 𝐶𝑓 

and the number of contact point 𝑛𝑐0
. As an illustration, for a full damper, 51 contact points are present on each contact 

line, the normal pre-load is 𝑁0 = 9.8987N and 𝑘𝑛 = 𝑘𝑡 = 20000 𝑁/𝑚.  

 

 

 

Fig.1: System under study (a) – In Phase (b) 

and Out-of-phase (c) bending mode of the 

blades 

(a) 

(b) (c) 



DAMPER PARAMETRISATION AND OPTIMISATION PROCESS 

 

Geometry parametrisation 

 

The damper geometry is described implicitly with a Level Set Function (LSF) Ψ, defined on the design space 𝐷 [3]. 

For a point of coordinates (𝑥, 𝑦), Ψ takes positive values if the point is in the material domain Ω, negative values if it 

is in the void domain and is equal to 0 on the boundary. The MMC framework proposes to decompose this global LSF 

in the assembly of 𝑛𝑀𝑀𝐶  several local LSF Ψ𝑖 , 𝑖 = 1, … , 𝑛𝑀𝑀𝐶 , defined explicitly based on a few parameters [4]. Each 

local LSF defines a material domain Ω𝑖  and the final material domain is Ω =  ⋃ Ω𝑖𝑖 . More concretely, each local LSF 

Ψ𝑖 is defined as: 

Ψ𝑖(𝑥, 𝑦) =  − [(
cos 𝜃𝑖 (𝑥 − 𝑥0,𝑖) + sin 𝜃𝑖 (𝑦 − 𝑦0,𝑖)

𝐿𝑖

2

)

𝑚

+ (
−sin 𝜃𝑖 (𝑥 − 𝑥0,𝑖) + cos 𝜃𝑖 (𝑦 − 𝑦0,𝑖)

𝑡𝑖

2

 )

𝑚

− 1] 

Where (𝑥, 𝑦) are the coordinates of a point, 𝜃𝑖 is the inclination of the 𝑖th component, 𝐿𝑖 its length, 𝑡𝑖 its thickness and 

(𝑥0,𝑖 , 𝑦0,𝑖) the position of its centre. 𝑚 is an even number, equal to 6 here. The different parameters are illustrated in 

Fig.2a for a component, and in Fig.2b its LSF is represented (negative values have been set to 0 for the sake of 

readability). By assembling different components, expanding them, shrinking them, moving them, one can describe 

complex geometries. This approach has two advantages: the topology is parametrised and the number of parameters 

is low. This makes possible the use of more traditional optimisation approaches as gradient-free ones. 

 

The connectivity of the different local LSF is checked, and unconnected geometries are removed during the 

initialisation, or penalised in the optimisation. The global LSF is then mapped on the damper mesh, which will be 

explained latter.  

 

 

Efficient Global Optimisation algorithm 

 

The optimisation consists in the minimisation of the displacements at resonance at the blade tip, considering a 

constraint on the static stress distribution in the damper. The optimisation process is detailed in this section, details for 

the computation of the objective and constraint functions are given afterwards. Considering the non-convexity of the 

considered problem and the numerical difficulty to compute the gradients of the functions, a gradient-free optimisation 

approach is adopted, based on the EGO algorithm that exploits kriging meta-models of the objective and constraint 

functions coupled with an updating process [5,6,7,8].  

 

An initial set of 𝑁𝑖𝑛𝑖𝑡  input points 𝐏 = [𝐩(𝟏), … , 𝐩(𝑁𝑖𝑛𝑖𝑡)] is generated, it corresponds to different damper geometries. 

For each of them, the objective function and the constraint function are evaluated: the vibration amplitude at resonance 

(denoted 𝑢𝑝𝑒𝑎𝑘) and the maximum of stress (denoted 𝜎𝑚𝑎𝑥  ) are computed. Based on these sets of inputs and outputs, 

two kriging meta-models are created: one for the objective function and another for the constraint function. 

Considering a given criterion, these kriging meta-models are exploited to find the new point to be added in the learning 

set. The objective function and the constraint are evaluated for this new geometry and the learning set is extended with 

this new point. The iterative process is stopped after a maximum number of iterations chosen by the user.  

 

Fig.2: MMC parameters (a) and corresponding LSF (b) 

(a) (b) 



The choice of the criterion is important as it must balance exploration and accuracy in the area where the solution 

could be. A classic criterion is the Expected Improvement (EI) for the unconstraint problem, defined as [8]: 

𝐸𝐼[𝐩] =  (𝑢𝑝𝑒𝑎𝑘
(𝑏𝑒𝑠𝑡)

− �̃�𝑝𝑒𝑎𝑘(𝐩)) Φ (
𝑢𝑝𝑒𝑎𝑘

(𝑏𝑒𝑠𝑡)
− �̃�𝑝𝑒𝑎𝑘(𝐩)

𝑠(𝐩)
) + 𝑠(𝐩)𝜙 (

𝑢𝑝𝑒𝑎𝑘
(𝑏𝑒𝑠𝑡)

− �̃�𝑝𝑒𝑎𝑘(𝐩)

𝑠(𝐩)
) 

 

where 𝑢𝑝𝑒𝑎𝑘
(𝑏𝑒𝑠𝑡)

 is the best solution found so far, �̃�𝑝𝑒𝑎𝑘(𝐩) the kriging meta-model prediction of the objective function 

at 𝐩 at the current iteration, 𝑠(𝐩) is the predicted standard deviation at 𝐩, Φ(. ) is the normal distribution of the normal 

law and 𝜙(. ) is the normal law density function. The new point that should be added is the point that maximised the 

EI. For each configuration, the connectivity of the components is checked first. If it is unconnected the EI is set to a 

negative value to avoid these configurations.  

In the case of a constraint optimisation problem, the EI is penalised to take into consideration the probability that the 

constraint will also be satisfied. The kriging surrogate model at 𝐩 of the constraint is denoted �̃� and follows a normal 

law of parameters (�̃�, �̃�2). Yet 
�̃�−�̃�

�̃�
~𝑁(0,1), thus the feasibility probability, denoted 𝑃(𝐩), is [8]: 

𝑃(�̃�(𝐩) ≤ 0) = 𝑃 (
(�̃� − �̃�)

�̃�
≤ −

�̃�

�̃�
) =  

1

√2𝜋
∫ exp (−

�̃�2

2
) 𝑑𝑠

−�̃�/�̃�

−∞

 

The Constrained Expected Improvement is then equal to: 

 

𝐶𝐸𝐼(𝐩) = 𝐸𝐼[𝐩] ∗ 𝑃(𝐩) 

The new point to be added to the learning set is the point that maximises this criterion. It is solved by using a genetic 

algorithm coupled with a gradient evaluation of the CEI [9]. In this case, the best point taken in the computation of the 

EI is the point that minimises the objective function and that satisfies the constraint. 

 

 

Nonlinear analysis 

 

Because of the contact nonlinearity, the vibration amplitude at resonance is obtained from a nonlinear analysis. The 

equation of motion of the system is: 

𝐌�̈�(𝑡) + 𝐂�̇�(𝑡) + 𝐊𝐱(𝑡) + 𝐅𝐧𝐥(𝐱(𝑡), �̇�(𝑡)) = 𝐅𝐞(𝑡) 

 

With 𝐌, 𝐂 and 𝐊 the mass, damping and stiffness matrices respectively, x the vector of retained dof, 𝐅𝐧𝐥 the vector of 

nonlinear forces and 𝐅𝐞 the vector of the excitation force. The mass and stiffness structural matrices are obtained from 

a Craig-Bampton reduction of the full system matrices. Retained dof corresponds to the contact nodes, excitation dof 

(for the platform), output node (for the platform) and a set of modes, so the size of the matrices will change as the 

number of contact nodes will change during the optimisation. The number of modes is kept constant for numerical 

reasons and high values used to ensure the accuracy of the reduced system for all cases (12 modes for the platform and 

30 for the damper). A Rayleigh damping matrix of 0.2% is adopted for each component to ensure numerical 

convergence even when the friction damping is low. For the full damper case, the size of the problem is 454. Before 

the Craig-Bampton reduction, the LSF is projected onto the initial mesh of the damper. To avoid localised modes, void 

elements are removed.  

 

The problem is solved with the well-established harmonic balance method (HBM) [10], where the periodic solution 𝐱 

is approximated by a truncated Fourier expansion of cosine coefficients 𝐱𝑘
(𝐶)

 and sine coefficients 𝐱𝑘
(𝑆)

 with 𝑁ℎ 

harmonics and grouped in the vector 𝐪. The EOM in the Fourier domain that must be solved is: 

𝐉𝟏(𝐪, 𝜔) = 𝐙(𝜔)𝐪 + �̃�𝐧𝐥(𝐪) − 𝐅�̃� = 0 

To avoid the computation of the full frequency response function with a continuation algorithm, the resonance is 

directly obtained by adding a phase constraint to the previous equation [11], it translates the idea that at resonance the 

phase 𝜙 between the excitation and the output is equal to 
𝜋

2
: 

𝐽2(𝐪, 𝜔) = 𝜙 −
𝜋

2
= 0 

The angular frequency becomes an unknown of the problem and one must find 𝛂 = [𝐪, 𝜔] that satisfies 
[𝐉𝟏(𝐪, 𝜔), 𝐽2(𝐪, 𝜔)] = 𝟎. It is solved with a trust region dogleg algorithm.  

 

 

 

 



 

Static stress analysis 

 

Previous works have raised a concern about optimised geometries that have extremely thin parts, and so not able to 

ensure the reliability of the damper in working conditions. For this reason, a constraint is added on the static stress 

distribution over the damper. The LSF must first be carefully projected on the initial mesh in order to avoid localised 

stress peak at the domain boundaries. For an element that is at the boundary, an intermediary density 𝑑𝑖 is allocated 

defined as [3,4,5]: 

𝜇𝑖 =
1

𝑆𝑖

× ∫ 𝐻 𝑜 
(𝑥,𝑦)∈𝑒𝑙𝑒𝑚𝑖

Ψ(𝑥, 𝑦)𝑑𝑥𝑑𝑦 

Where 𝑆𝑖 is the surface of the element 𝑖, 𝐻 the Heaviside function and Ψ the global LSF. Then, the Young modulus 

of the element is modified and equals 𝐸𝑖 = (1 − 𝜇𝑖)𝐸𝑒𝑟𝑠𝑡𝑎𝑧 + 𝜇𝑖𝐸0, where 𝐸0 is the Young modulus of the material 

and 𝐸𝑒𝑟𝑠𝑎𝑡𝑧 the Young modulus of the ersatz material (taken equal to 10−3𝐸0). For void elements, the Young modulus 

is set to the ersatz Young modulus. Similarly, the density is also updated. 

 

The stress computation is done in Abaqus. The damper is subjected to different loadings, namely the centrifugal 

loading and the contact forces. The centrifugal loading of the element 𝑖 is 𝐶𝐹
(𝑖)

= 𝑚𝑖𝑑𝑖𝜔
2, with 𝑚𝑖 the mass of the 

element and 𝑑𝑖 the distance to the rotation centre (taken as the distance to the centre of the base here). Contact forces 

are decomposed as a normal component 𝑁 and a tangential one 𝑇. The von Mises stress constraint limit is taken equal 

to 𝜎lim = 100𝑀𝑃𝑎. It has proved to be a good threshold to remove geometries with thin parts or with sharp angles. 

As an illustration, example of geometries that do not satisfy the stress constraint (and so that are removed) are given 

in Fig.3. 

 

 

RESULTS 

 

Optimisation parameters 

 

In this work, five components are employed to describe the damper geometry. A few assumptions are made to take 

into consideration physical and engineering constraints, but also to reduce the number of optimisation parameters. 

First, one component is set to a horizontal position at the top of the damper with a small thickness (about one element 

thickness) to seal the platforms. Second, the damper is assumed to be symmetric about its central axis. Third, to ensure 

the existence of the contact between the damper and the platform, the centre of one component must be on the contact 

line (i.e. vertical and horizontal positions of one component are dependent). With these different choices, the 

optimisation problem is of size 9. 

 

The objective is to minimise the objective function, which is the vibration amplitude at resonance obtained from the 

nonlinear analysis, under a static stress constraint. To improve the efficiency of the algorithm, the objective function 

is modified. Instead of optimising the vibration amplitude at resonance (denoted 𝑢𝑝𝑒𝑎𝑘), the inverse of the opposite of 

the latter is optimised, i.e. 𝑓𝑝𝑒𝑎𝑘 = −1/𝑢𝑝𝑒𝑎𝑘. This is motivated by the idea that the vibration amplitudes are small 

and this transformation tends to spread the objective function values, and so it makes the optimisation more robust. 

 

 

 

 

 

 

 

 

(a) (b) 

Fig.3: Example of damper geometries that do not satisfy the stress constraint (elements with density inferior to 

0.5 are removed for the sake of readability) 



Optimisation results 

 

As a first illustration of the results, the evolution of the objective function and of the constraint versus the iteration 

number as well as the objective function versus the maximum stress are given in Figure 4. In Figure 4a, blue points 

denote configurations for which the constraint is satisfied, and red points configuration for which the constraint is not 

satisfied. The black dots are the best current minimum that satisfy the constraint. The blue diamond is the best 

configuration that satisfies the constraint and the green square the best configuration without constraint consideration. 

In Figure 4c, red points denote points that are in the initial DoE, and black points configurations obtained during the 

optimisation part. 

 

One can see that in the initial design, the objective function takes values between -1.5 mm-1 and 0 mm-1 and about half 

the geometries satisfy the constraint. As soon as the optimisation starts, the objective function takes value between -2 

mm-1 and -1.5 mm-1 most of the time, which demonstrates the ability of the algorithm to identify quickly more efficient 

damper geometries. Optimal damper geometries that reduce the vibration amplitude at resonance but also verify the 

stress constraint are identified iteratively. At the end, the best geometry that satisfies the constraint gives a vibration 

amplitude at resonance of 0.55 mm and a maximal stress of 95.3 MPa. It is represented in Figure 5a. The damper 

geometry that has the highest damping properties gives a vibration amplitude of 0.52 mm, but has much higher level 

of stress (equal to 206.4 MPa). It is represented in Figure 5b. Considering the Figure 4c where the objective function 

versus the maximum stress are given, one can see that geometries associated with the lowest level of vibrations at 

resonance also have higher level of stress and a Pareto front is observable. Without stress consideration, the optimal 

(b) (a) 

Fig.4: (a) Evolution of the objective function versus iteration number – (•) best current minimum - (•) 

configuration that satisfies the constraint limit - (•) configuration that doesn’t satisfy the constraint limit 

(b) Evolution of the constraint function versus iteration number – (- - -) constraint limit 

(c) Pareto front between the objective function and the constraint function - (•) initial DoE 

(♦) best configuration that satisfies the constraint 

(■) best configuration without constraint consideration 

(■) damper geometries represented in Figure 6 

(c) 



geometry tends to have a shape composed of two thin arms. With this shape, the damper mass is reduced and the 

contact surface is increased which tends to maximise the number of contact points experiencing stick-slip. However, 

it also gives higher level of stress in the damper. By adding a stress constraint, the material is more located on the top 

of the damper. The global shape can be considered as similar (two thin arms), but with thicker arms that gives a better 

stress distribution in the damper. 

 

Different damper geometries are represented in Figure 6. Each geometry is identified with a coloured square that refers 

to results given in Figure 4. Geometries of the first line are geometries from the initial DoE. One can see they have 

various and unusual shapes. Some of them have thin parts (see the yellow one for example) or thin junctions between 

the left and right parts on the damper that are at the origin of stress concentration (see the orange one). Geometries on 

the second lines are the different geometries that correspond to the best current minimum satisfying the constraint 

function. If strong variations in terms of shape are observed at the beginning, the algorithm converges quickly to the 

final geometry as the two last geometries are very close to the final one. Finally, geometries on the last line are 

displayed to illustrate the large variety of geometries that are tested during the optimisation and how the compromise 

between damping properties and stress constraint might be difficult to meet. Indeed, the light blue and red geometries 

verify the stress constraint but have low damping efficiency. The blue one has low damping efficiency and presents 

high level of stress. Finally, the pink one is located near the constraint limit and so has satisfactory damping properties 

and acceptable stress levels. It demonstrates that the approach is able to go all over the design space, but is also able 

to optimise finely the final geometry. 

 

To compare with the full damper geometry, the principal characteristics are summarized in the Table 1. Both optimal 

geometries represent a drastic reduction of the damper mass (about 90% mass reduction compared to the full damper). 

The optimal geometry that satisfies the stress constraint presents a frequency shift of about 25 Hz at resonance 

compared to the full damper case, and a shift of 29 Hz is observed for the other geometry. In terms of damping, both 

geometries present a substantial reduction of the vibration amplitude at resonance for the blade as it is reduced by 67% 

and 68%, respectively. So, both geometries have similar dynamic properties, and finally their main difference relies 

in the static stress.  

 

(a) (b) 

Fig.5: (a) Best geometry that satisfies the stress constraint and (b) best geometry that doesn’t satisfy the stress 

constraint – Dashed lines represent the limit of the full damper – Material domain in grey (elements with a low 

density are removed for the sake of readability) 

Fig.6: Different damper geometries tested during the optimisation 



As the dynamic properties are strongly related to the contact point status (stick-slip, impact or separation), the contact 

information is summarized in the Table 2. Between the two geometries, the contact surface varies a lot (70 contact 

points for one case, and 52 contact point for the other case) and so the initial contact normal loading is strongly 

impacted (see variations of N0). However, the ratio of contact points in stick-slip remains the same and is about 75%. 

Despite the difference in terms of geometry, the ratio of contact points that dissipate energy is similar, which explains 

the good damping properties of the optimal geometry despite its smaller contact surface and higher contact normal 

load (which delays the entering of stick-slip for contact points). In comparison, for the full damper, the number of 

points in stick-slip condition represents only 5% of the number of contact points, which explains the lower damping 

properties of the latter. 

 

 

 

 

 N0 (N) 
Nb contact 

points 

Nb points in 

stick-slip 

Nb points in 

impact 

Nb points in 

stuck 

Full damper 9.8987 102 5 1 96 

Best with 

constraint 
2.2292 52 38 14 0 

Best without 

constraint 
1.6428 70 52 18 0 

 

 

 

CONCLUSION AND PERSPECTIVES 

 

Constrained topological optimisation for nonlinear vibrations due to contact friction has been presented here. The 

general approach is based on the MMC framework and the EGO algorithm for the optimisation. Kriging surrogate 

models of the objective function and of the constraint function are constructed. The shape of an underplatform damper 

has been optimised to minimise the vibration amplitude at resonance with the consideration of a constraint on the static 

stress. By adding this constraint, non-reliable geometries with thin parts are eliminated during the optimisation. The 

final optimal geometry that satisfies the stress constraint has a mass distribution over the design space that is more 

localised on the top of the damper compared to the geometry that just minimises the nonlinear resonance. However, 

despite their shape difference and the difference in the contact surface, both geometries have a ratio of contact points 

in stick-slip that is equal and have no points in stuck condition. Future works will be dedicated to the extension to 3D 

and experimental validation. 
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 Mass ratio Resonance freq. (Hz) 
Amplitude at 

resonance (mm) 
Max. stress (MPa) 

Full damper 1 403.57 1.63 51.42 

Best with constraint 0.1095 378.71 0.55 95.3 

Best without constraint 0.1090 374.74 0.52 206.4 

Tab.1: General characteristics of the different damper geometries 

Tab.2: Contact characteristics of the different damper geometries 
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