
Design of a contactless

Nonlinear Energy Sink

for torsional vibration 
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D
e

si
gn

 o
f a

 c
o

n
ta

ct
le

ss
 N

o
n

lin
e

a
r 

E
n

e
rg

y 
S

in
k

fo
r 

to
rs

io
na

l v
ib

ra
tio

n 

su
p

pr
es

si
on

Contents
1.Introduction
2.Nonlinear Energy Sink
3.Simulation of the Contactless NES

Contactless NES
4.Experimental Analysis
5.Conclusion

Contents



D
es

ig
n 

of
 a

 c
on

ta
ct

le
ss

 N
on

lin
ea

r 
E

ne
rg

y 
S

in
k 

fo
r 

to
rs

io
na

l v
ib

ra
tio

n 

su
pp

re
ss

io
n

1. Introduction

• All mechanical systems produce 
vibrations

• Internal Combustion Engines 
• Backlash from Gears

• Vibrations have different frequencies
• Traditional Passive and Active Vibration 

Absorbers are tunned to a specific 
frequency 

• Nonlinear Energy Sink is ideal for varying 
frequencies
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1. Introduction

𝑚ଵ 0
0 𝑚ଶ

𝑋ሷ  ൅  
𝑐ଵ ൅ 𝑐ଶ െ𝑐ଶ
െ𝑐ଶ 𝑐ଶ

𝑋ሶ    ൅  
𝑘ଵ ൅ 𝑘ଶ െ𝑘ଵ
െ𝑘ଵ 𝑘ଶ

𝑋    ൌ 𝐹௢𝑠𝑖𝑛 𝜔𝑡
0

If the natural frequency of the absorber is equal or close to the natural frequency of the system, then 
the absorber will resonate with the system and absorb energy from it.

• Active Vibration Absorbers
Sensors, Actuators, Controllers

• Passive Vibration Absorbers
For example : Tunned mass 
Dampers
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1. Introduction

MEH       =        
Strength              

• Cost Effective
• Good Magnetic Strength
• Good Thermal Stability

Neodymium Iron Born (NdFeB)
• Categorized based on the max 

temp. of operation 
(Nxx,NxxM,NxxH,NxxSh)

• Categorized based on the Max 
Energy Production (MEP) or BHmax

Units : Mega-Gauss-Oersteds 
(MGOe)

represents the maximum amount of 
magnetic energy stored per unit volume

N42 8x8 magnets

Permanent Magnets

• Remanence (Br): 1.29 – 1.32 T
• Coercivity (Hc): 870 – 915 kA/m
• Max energy production (BHmax): ~ 330 – 342 kJ/m3

1MGOe=7.958kJ/m3
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1. Introduction

Demagnetization
Pc : Permeance coefficient ~ 3.2

The BH curve depends on the 
temperature.

• High temperature 

• Exposure to strong external 
opposing magnetic fields
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2. Nonlinear Energy Sinks

Nonlinear Energy Sinks
• Targeted Energy Transfer 

(TET)
1.Energy Input
2.Detuning Effect
3.Irreversibility

When the conditions are met :

Primary System NES
Energy Dampin

g

• Efficiency of TET
1.Nonlinearity Strength
2.Damping Char.
3.Mass Ratio
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2. Nonlinear Energy Sinks

Frequency Energy Plot

ε = 0.05,ωο
2= C = 1

𝑥ሷ ൅ 𝜔ఖଶ𝑥 ൅ 𝐶 𝑥 െ 𝑦 ଷ ൌ 0
𝜀𝑦ሷ ൅ 𝐶 𝑦 െ 𝑥 ଷ ൌ 0
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2. Nonlinear Energy Sinks

Nonlinear Energy Sinks

linear systems coupled together.
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2. Nonlinear Energy Sinks

Nonlinear Energy Sinks

𝜔ோௌ ൌ
𝑘ଶ,௅

𝑚ଶ
൅  

3𝑘ଶ,ே௅𝐴ଶ

8𝑚ଶ

𝑚ଶ𝑥ଶሷ ൅ 𝑐ଶ 𝑥ଶሶ െ 𝑥ଵሶ ൅ 𝑘ଶ,௅ 𝑥ଶ െ 𝑥ଵ ൅ 𝑘ଶ,ே௅ 𝑥ଶ െ 𝑥ଵ ଷ ൌ 0 
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES

Simcenter MAGNET
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES1) Axial Movement of the magnets



1) Axial Movement of the magnets 
- Result

Simulation of the 
Contactless NES

1) Axial Movement of the magnets -
Experiment

NX Siemens + PrusaSlicer for 3D 
printing

Simulation of the 
Contactless NES



1) Axial Movement of the magnets –
Comparison 

Simulation of the 
Contactless NES
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets (R:30mm θ:120 degrees)
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets - Results
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets - Results

D
es

ig
n 

of
 a

 c
on

ta
ct

le
ss

 N
on

lin
ea

r 
E

ne
rg

y 
S

in
k 

fo
r 

to
rs

io
na

l v
ib

ra
tio

n 

su
pp

re
ss

io
n

3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets – Post processing

𝑇 𝜃 ൌ 𝑎𝜃ଷ ൅ 𝑏𝜃
MATLAB's Curve Fitter for fitting and R^2 
analysis

R:30mm θ:120º with R squared of 0.9895
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3. Simulation of the Contactless 
NES

Simulation of the Contactless 
NES2) Rotary Movement of the magnets – NES Simulation

R30θ120 with R squared of 0.9895

𝑇 𝜃 ൌ 1.2701𝜃ଷ ൅ 0.001𝜃
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4. Experimental Analysis

4. Experimental Analysis

1) Printing the NES’s components

PrusaSlicer Interface
Raise3D Pro2 Plus
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4. Experimental Analysis

4. Experimental Analysis

2) Assembly of the NES

Moment of Inertia (Stator) :11.199 Kg*mm^2
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4. Experimental Analysis

4. Experimental Analysis

3) Free vibration Test

Tracker Software
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4. Experimental Analysis

4. Experimental Analysis

4) Exponential Decay

𝐾 𝑡 ൌ  𝜃 𝑡 ൌ 𝑡௢ ∗ exp െ𝑐 ∗
𝑡 െ 𝑡௢
2 ∗ 𝐼௫௫

         𝑡 ∈ 𝑡௢ 𝑡௙   

𝑐 ൌ 1 ∗ 10ିହ  
𝑁𝑠
𝑚

𝜁 ൌ 𝑐 2⁄ 𝐼௫௫

𝜁 ൌ 0.4504 
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4. Experimental Analysis

4. Experimental Analysis

5) Measuring Static Restoring Torque

𝑇 𝜃 ൌ 𝑚 ∗ 𝑔 ∗ cos 𝜃 ∗ 0.035 𝑁𝑚
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4. Experimental Analysis

4. Experimental Analysis

5) Static Restoring Torque vs Simulated R.T
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4. Experimental Analysis

4. Experimental Analysis

5) Static Restoring Torque - Fitting

𝑇 𝜃 ൌ 1.0682𝜃ଷ ൅ 0.001𝜃  ሺ𝑎ሻ   R^2 =0.956

𝑇 𝜃 ൌ 14.904𝜃଻ െ 3.0257𝜃ହ ൅ 0.4762𝜃ଷ ൅ 0.0633𝜃   ሺ𝑏ሻ R^2 =0.998
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4. Experimental Analysis

4. Experimental Analysis

𝑇 𝜃 ൌ 1.0682𝜃ଷ ൅ 0.001𝜃 (Experiment “fitted”)𝐼𝑥𝑥 ∗ 𝜃ሷ ൅ 𝑐 ∗ 𝜃ሶ ൅ 𝛵 𝜃 ൌ 0
𝑇 𝜃 ൌ 1.2701𝜃ଷ ൅ 0.001𝜃 (Simulation “Theoretical”)

Ode45
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4. Experimental Analysis

4. Experimental Analysis

𝑇 𝜃 ൌ 1.0682𝜃ଷ ൅ 0.001𝜃 (Experiment “fitted”)𝐼𝑥𝑥 ∗ 𝜃ሷ ൅ 𝑐 ∗ 𝜃ሶ ൅ 𝛵 𝜃 ൌ 0
𝑇 𝜃 ൌ 1.2701𝜃ଷ ൅ 0.001𝜃 (Simulation “Theoretical”)

F ൌ  2𝑒 𝐹௕௥௞ െ 𝐹௖ 𝑒
ି

௩
௩ೞ೟

మ
𝑣
𝑣௦௧

൅ 𝐹௖ tanh
𝑣

𝑣஼௢௨௟
൅ 𝑓௩

Variable Value

Coulomb Friction 

(Fc)
9N

Breakaway Friction 

(Fbrk)
14N

Breakaway Velocity 

threshold (vbrk)
15 rad/s

Coulomb Velocity 

threshold (vc)
vbrk / 10

Stribeck Velocity 

threshold (vst)
1.414vbrk
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4. Experimental Analysis

4. Experimental Analysis

𝐼𝑥𝑥 ∗ 𝜃ሷ ൅ 𝑐 ∗ 𝜃ሶ ൅ 𝛵 𝜃 ൌ 0 𝑇 𝜃 ൌ 1.0682𝜃ଷ ൅ 0.001𝜃

𝑇 𝜃 ൌ 14.904𝜃଻ െ 3.0257𝜃ହ ൅ 0.4762𝜃ଷ ൅ 0.0633𝜃
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5. Conclusion

5. Conclusion

• Magnets should not come closer than 4mm.
• NES Parameters : R=30mm θ=120 degrees.

𝑇 𝜃 ൌ 1.2701𝜃ଷ ൅ 0.001𝜃 

• The Measured Restoring Torque IS valid and is close to the simulated 
one.

𝑇 𝜃 ൌ 1.0682𝜃ଷ ൅ 0.001𝜃 , 3𝑟𝑑 𝑑𝑒𝑔𝑟𝑒𝑒 𝑓𝑖𝑡𝑡𝑖𝑛𝑔  

𝑇 𝜃 ൌ 14.904𝜃଻ െ 3.0257𝜃ହ ൅ 0.4762𝜃ଷ ൅ 0.0633𝜃 , 7𝑡ℎ 𝑑𝑒𝑔𝑟𝑒𝑒 𝑓𝑖𝑡𝑡𝑖𝑛𝑔
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5. Conclusion

Thank you very much for 
your attention !

Questions ?


