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ABSTRACT 

Particle dampers (PDs) are becoming a popular alternative to conventional dampers, due to their 

relatively simple design and their flexible ability to dissipate energy over wide excitation frequencies. 

However, the process of energy dissipation in PDs is however complex and occurs mainly due to the 

relative motion between particles and its surroundings. The degree of relative motion is particularly 

sensitive to changes in the external vibration amplitudes. Low vibration amplitudes lower the degree 

of relative motion between solid particles, and thus lead to significantly lower energy dissipation rates. 

In order to influence the degree of relative motion between solid particles, a method is investigated in 

which the PD is filled with a combination of solid and liquid fillings. Moreover, with the PD partially 

filled with a liquid, the solid particle shape is expected to play a more profound role in enhancing the 

damping performance.  

In order to investigate the effects of complex particle shapes and an added liquid, a simulation model 

based on Lagrangian methods is presented in this work. The solid particle interactions involving non-

convex particle shapes are modelled using the discrete element method (DEM). The fluid motion is 

modelled using the smoothed particle hydrodynamics (SPH) method. The fluid-solid interactions are 

modelled using the SPH-DEM coupling strategy proposed in [1]. In order to validate the simulation 

models, experiments were also carried out. The experimental setup, identical to the one used in [2], 

consists of a PD mounted on a vertical leaf spring. The PD in this case is a cylindrical container filled 

with complex shaped particles in combination with a liquid. The complex shapes, where the shape is 

chosen to be a tetrapod, were manufactured using a stereo lithography 3D printer. By analysing the 

free response behaviour of the PD mounted on the leaf spring the amount of energy dissipated for 

various PD configurations is characterized. A good agreement between simulations and experiments 

is observed. Experimental and simulation results show that the chosen tetrapod shape was superior to 

that of the simple spherical shape. This is because, in a partially liquid filled PD, the complex shaped 

tetrapods seems to induce more violent sloshing of the liquid phase than spherical shapes, leading to 

more energy dissipation. In order to gain deeper insights, two numerical studies are presented which 

investigate the effects of solid particle density and solid-liquid ratio on the energy dissipation. To 

conclude, the coupled Lagrangian models were indeed able to capture the dynamics involved in a 

partially liquid filled PD and, thus, prove to be useful in characterizing energy dissipation in PD 

systems. 
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