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Abstract
The objective of the PyDAMP project is to develop a hybrid mechanical suspension to reduce the
vibrations transmission on a wide frequency band. The undesired vibrations are generated by small
electric motors (few kilograms). A suspension with piezoelectric pillar developped by PYTHEAS
Technology is compared to a conventional viscoelastic suspension in terms of performances in the
audible frequency range. The principle and design of the piezoelectrical suspension are approached
through an electromechanical model and a finite element model. The electromechanical coupling of
the transducer allows the introduction of mechanical damping and electric damping with different
shunts based on resistor and negative capacitance.

1 The piezoelectrical suspension: principle and conception

The concept of suspension is inspired by a Class IV flextensionnel transducer [1, 2, 3] (figures 1).
Flextensional transducers are a class of mechanical amplifiers composed of an active part, usually
piezoelectric (bars, discs, rings), or magnetostrictive, and a shell that radiates in the surrounding
fluid[4, 5, 6].
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Figure 1: a) Sketch of various classes of flextensional transducers [1, 2]. b) Sketch of a Class IV
flextensional piezoelectric transducer. [3]

A finite element study has been achieved to ensure the validity of the concept in terms of maxi-
mum admissible Von Mises stress, maximum displacement and modes shapes. Figure 2 shows the
CAD view of the piezoelectric suspension.
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Figure 2: CAD view of the piezoelectric suspension.

2 Electrical model and simulations

An electromechanical model of the piezoelectrical suspension has been developed. Mechanical
elements are converted in electrical components and an equivalent electrical circuit can be found.
The simulation and the shunt optimisation are facilitated with only one physic, taking into account
the whole dynamic behaviour of the piezoeletrical suspension. Figure 3 shows the schema of the
piezoelectrical suspension.
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Figure 3: Schema of the piezolelectrical suspension.

The equivalent electrical circuit of the piezoelectrical suspension with mechanical excitation and
resistor shunt is shown on figure 4.
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Figure 4: Equivalent electrical circuit of the piezoelectrical suspension.

Figure 5 shows the displacement transmissibility functions in open-circuited, in short-circuited
conditions, with resistor shunt and with negative capacitance shunt. The damping (ξ) in open-
circuited, in short-circuited conditions is similar, equal to 0.3%. As expected, the surtension is re-
duced by the resistor shunt, the damping (ξ) is equal to 1.6%. The negative capacitance increases the
performances of the suspension to reach 2.9% of damping.
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Figure 5: Transmissibility functions.

3 Comparison with a conventional viscoelastic suspension

A comparison with a conventional viscoelastic suspension is done. The conventional viscoelas-
tic suspension is a classical spring (ka), mass (ma), damper (Da). Two damping values are tested
and compared with the piezoelectrical suspension namely ξ = 0.2% and 2.9%. Figures 6 show the
displacement transmissibility functions with negative capacitance shunt (blue curves) compared to
conventional viscoelastic suspension with damping equal to ξ = 2.9% (green curves) and 0.2% (black
curves). Figures 6 show the comparison with equivalent damping. Differences can be observe in high
frequencies from 10 kHz where the slope moves from −40 dB/dec to −20 dB/dec for the conventional
viscoelastic suspension. For the piezoelectric suspension, the change appears a decade later. For au-
dible perturbation between 10 kHz and 20 kHz, in this case the difference is between 2 dB and 6 dB.
Figures 6 show the comparison where the slope moves from −40 dB/dec to −20 dB/dec at the same
frequency. Differences can be observe around 700 Hz, for the conventionnal suspension, the maxi-
mum transmission level is twice as high compared to the piezoelectrical suspension.
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Figure 6: a) Comparison between the transmissibility functions of a conventional viscoelastic sus-
pension and the piezoelectrical suspension. b) Zoom.

4 Experimental setup

Figure 7 shows the experimental setup. Two accelerometers are used to obtain the transmissibility
functions. The mechanical excitation is provided by a shaker. The piezoelectrical suspension is glued
on the shaker. Different electrical conditions can be applied on the stack. Experimental results are
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under post-processing.
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Figure 7: Experimental setup

5 Conclusion

A suspension with piezoelectric pillar developed by PYTHEAS Technology has been studied.
An electromechanical model and a finite element model allowed the conception and the design of
the suspension. A resistor shunt optimisation has been performed and good results were observed
in order to reduce the surtension in the displacement transmissibility. Performances have been in-
creased using a negative capacitance shunt. A comparison with conventional suspension has been
conducted. For the piezoelectric suspension, no static problems are observed and there is no creep
behaviour. The slope modification from −40 dB/dec to −20 dB/dec appears a decade later and is not
sensitive to damping. It could be important for audible applications.
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