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Equations of motion:

Tuned mass damper principle
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Undamped vibration absorber (b=0)

for

Harmonic excitation:

TMD equations
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The damping device is tuned to the eigenfrequency of the primary system
-> Reduces vibrations in a narrow band around eigenfrequency
-> Amplification outside of this narrow band

If you choose                    you can cancel the vibration of the 
primary system at its natural frequency

Undamped TMD

6
Inertial coupling of the two systems

 small

Pendulum TMD
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Harmonic excitation:

for

PTMD equations
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Tuning of the PTMD based on the length of the pendulum

Effect of the mass mainly on the spreading of the peaks

Undamped PTMD
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DAMPED TUNED 
ABSORBERS
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-Reduction of vibration is lower around eigenfrequency with b increasing
-Reduces the amplification outside of the narrow frequency band
-Existence of P and Q : points where all curves cross

Damped TMD
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Optimum damping is given by

P and Q are at equal height for 

[ Den Hartog, 1954]

Optimal design of TMD
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Optimal design of TMD
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- The maximum mass of the device is decided fixing 

- Based on this value, the frequency of the TMD is tuned :

- Which allows to compute the stiffnes of the TMD

- And finally the optimal damping is computed

Optimal design of TMD

14[ Warburton 1982 ]

Goal : minimize 

Optimal design of TMD
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Analogy with TMD
[ Deraemaeker 2020]

Damped PTMD

TMDs ATTACHED TO 
COMPLEX 
STRUCTURES
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Example : beam equipped with a TMD

https://youtu.be/HDa1VO1VDpc
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Reduce main system to a one dof system using as 
reference point the point of attachment of the TMD (in 
the direction of its motion)

Application of TMDs to complex models of structures
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https://youtu.be/HDa1VO1VDpc
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• Apply tuning rules using 
equivalent mass and 
stiffness

Application of TMDs to complex models of structures

20

Application of TMDs to complex models of structures
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APPLICATIONS IN CIVIL 
ENGINEERING
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Example : building equipped with a TMD

https://youtu.be/lhNjfNUOUo8
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https://youtu.be/lhNjfNUOUo8
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Ground motion (acceleration)

Without TMD With TMD tuned to first mode

Example : 10 storey building equipped with damped TMD

24

John Hancock Tower (Boston-1976)

Two TMDs of 2700 kN 
(approx 5.2x5.2x1m steel blocks)

Tuned mass dampers in high-rise buildings
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Millenium bridge, London

Tuned mass dampers in footbridges
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https://youtu.be/WjePA0a8e_c

Tuned mass dampers in footbridges
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https://youtu.be/WjePA0a8e_c
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Pendulum TMD

https://youtu.be/GzMuF-LMGaM
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Dampers

Tai Pei (Taiwan)

Pendulum TMD in high-rise buildings 
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https://youtu.be/GzMuF-LMGaM
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Taipei 101 PTMD

https://youtu.be/OSEYOavsKxA

30https://youtu.be/OSEYOavsKxA

Taipei 101 PTMD

29

30

https://youtu.be/OSEYOavsKxA
https://youtu.be/OSEYOavsKxA
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31https://youtu.be/OSEYOavsKxA

Taipei 101 PTMD

APPLICATIONS IN 
MECHANICAL 
ENGINEERING
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https://youtu.be/OSEYOavsKxA
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https://www.youtube.com/watch?v=nLyF4Hwl-3o

TMD in machine tools
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TMD for pipe vibrations

https://www.youtube.com/watch?v=X25DJ1_po8s
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https://www.youtube.com/watch?v=jTEh2UJKxnw

TMD for NASA applications

36https://www.youtube.com/watch?v=rXEhcLG37VQ

TMD in helicopters
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https://www.esm-gmbh.de/en/

TMD in wind turbines
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