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Nonlinear Energy Sink
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1. General equations of parallel NES coupling

Main system represented using a modal basis

Multi-DOF main system coupled with several NES in parallel
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Parallel NES coupling

Main system represented using a modal basis

Multi-DOF main system coupled with several NES in parallel

Main 
system
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Parallel NES coupling

Main system represented using a modal basis

Multi-DOF main system coupled with several NES in parallel

NES coupled 
in parallel
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Equations of motion under periodic forcing

ʒmodal shape

qi modal displacements

xn,j NES displacements

p dof main structure,  coupled with p x nn NES in parallel :
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Under periodic forcing :

M* i, C*i, K*i modal parameters

µn,j, cn,j, kn,j NES physical parameters

Equations of motion under periodic forcing
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Displacement reduced to the mode to control:

Reduced parameters:

Equations of motion under periodic forcing
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Displacement reduced to the mode to control:

Reduced parameters:

Equations of motion under periodic forcing
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2. Analytical study

Differential displacements :

Complexification (Manevitch) :

Harmonic forcing :
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Analytical study

Relation between main system and NES, with averaging 
considering 1:1 resonance :

Stationary regime :

Stationary equation :

with
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Analytical study

Separated activity relation :
with

Introducing new variables :
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Analytical design criterion 

We consider the transient behaviour :

damping
modal pulsation

NES mass

modal shape initial conditions
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Analytical design criterion

Analytical design criterion:

Separated activity :
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Critère analytique de dimensionnement

Analytical design criterion:

Separated activity :

damping
modal pulsation

NES mass

modal shape main system energy
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Analytical design criterion

Analytical design criterion:

Separated activity :

Detuning

Main system energy
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2. Analytical study : conclusion

Design criterion at 1st order

Activation of the NES defined by the Frf, at resonance

Difficult to define the energy of the main system under 
periodic forcing. We assume that there is no influence from the 
non-linear device until its activation :

Multiplicity and stability of solutions have to be considered
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3. Numerical simulations with 2 NES in parallel

Study of to «tuned» NES (same level of activation) in parallel 
coupled with 1 mode.

No initial conditions, external force F=0,15

Modal parameters :

NES parameters:
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Frf with 2 NES in parallel

k=0,35 x 106 N.m- 3

° ° °

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation
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k=0,985 x 106 N.m- 3

° ° °

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation

Frf with 2 NES in parallel
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k=0,985 x 106 N.m- 3

° ° °

Frf with 2 NES in parallel

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation
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Time, Frequency domain

Frequency domain : Time domain :

main system

NES
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k=1 x 106 N.m- 3

° ° °

Frf with 2 NES in parallel

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation
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k=1,8 x 106 N.m- 3

° ° °

Frf with 2 NES in parallel

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation
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° ° °

Frf with 2 NES in parallel

without coupling

analytical unstable

analytical stable

level of activation

numerical simulation
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Comparison simple/double NES

2 NES:

1 identical NES:

Level of activation:
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2 NES : Single NES :

Multiplicity 
of solutions:

2 NES

1 NES

Comparison simple/double NES
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3. Numerical results : conclusion

Several regimes identified

Design procedure under periodic forcing

Multiplicity and stability of solutions to be controled

NES in parallel advantages
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4. Experiment on a 4-storey structure
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4-storey structure model

Modal parameters:
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Experimental NES device

1. System equations 2. Analyticalstudy 3. Numericalsimulations      4. Experimentalstudy 5. Conclusion

33B. Vaurigaud, A.T. Savadkoohi, C.-H. Lamarque GDR  Dynolin, Clamart                                                 33


