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flexible piezo rigid piezo

• Less efficient

• Adaptability

• Embedded to structures
→ in situ monitoring

• Controllable design
→ tuned to anisotropy

• More efficient

• Intrusive

• « dead zone »

Flexible transducers Pour le CND Vers l’optimisation

context SHM (Structural Health Monitoring)



Flexible transducers Pour le CND Vers l’optimisation

SHM (Structural Health Monitoring)

A380 NacelleHydrogen tanks

- Domain of Non Destructive Testing (NDT)

- In-situ and real-time SHM

- Ultrasonic imaging and acoustic emission from piezoelectric polymers based
transducers

- Developement of embedded piezoelectric transducers directly into the 
structure to inspect

embedded transducers

structure to inspect
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Multilayers screen printing :
• Piezo ink : P(VDF-TrFE)
• Electrode ink : PEDOT:PSS
• Substrate : PEN/PET
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Printed organic piezoelectric transducers
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Multilayers screen printing :
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• Electrode ink : PEDOT:PSS
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Substrate
25 - 130 µm

Printed organic piezoelectric transducers

Flexible transducers Pour le CND Vers l’optimisation



Multilayers screen printing :
• Piezo ink : P(VDF-TrFE)
• Electrode ink : PEDOT:PSS
• Substrate : PEN/PET
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PEDOT:PSS

Substrate

1 layer = 0,2 µm

25 - 130 µm

Printed organic piezoelectric transducers
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Multilayers screen printing :
• Piezo ink : P(VDF-TrFE)
• Electrode ink : PEDOT:PSS
• Substrate : PEN/PET

7

P(VDF-TrFE)
PEDOT:PSS

Substrate

1 layer = 0,2 µm

25 - 130 µm

1 layer = 2 µm

Printed organic piezoelectric transducers

Flexible transducers Pour le CND Vers l’optimisation



Multilayers screen printing :
• Piezo ink : P(VDF-TrFE)
• Electrode ink : PEDOT:PSS
• Substrate : PEN/PET
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Transducer thickness ~ 100 µm

PEDOT:PSS
P(VDF-TrFE)
PEDOT:PSS

Substrate

1 layer = 0,2 µm

25 - 130 µm

1 layer = 2 µm

Printed organic piezoelectric transducers
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Semicrystalline copolymer
• Crystalline phase : piezoelectric effect
• Amorphous phase : flexibility

Electric field poling (> Ec)
• Orientation of local electric dipole
• Effective piezoelectrci effect
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P(VDF-TrFE)

* « Matériaux piézoélectriques : les céramiques oxydes à base de métaux de transition »
par Philippe PAPET, Professeur à Polytech Montpellier, Université Montpellier 2

*

*



PVDF-TrFE piezo transducers making
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❶ Conception ❷ Printing ❸ Polarisation
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Pitch & Catch
PZT & PVDF-TrFE :

• Aluminium plate of 2 mm

PVDF-TrFE
• Diameter = 1 cm
• 2 PVDF-TrFE layers = 4 µm

PZT 
• Diameter = 3 cm
• Thickness = 2,13 mm

• Emission : f0 = 100 kHz, Nperiods = 5   à 130 Vpp
• Receiving : band pass filter, + 50 dB
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PVDF-TrFE : emitting & receiving
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PVDF-TrFE

PZT

Flexible transducers For ultrasound SHM Vers l’optimisation

PZT generation



PVDF-TrFE : emitting & receiving
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PVDF-TrFE

PZT
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PZT generation

PVDF-TrFE generation



PVDF-TrFE : emitting & receiving
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PVDF-TrFE
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Averaging 10 000 times12,5 mV between 2 PVDF-TrFE
600 mV with PZT

Acoustic signals

PVDF-TrFE
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Efficiency Geometry

OPTIMISATION

Design for an application :
Conception, modeling & simulation

Parameters & impedance adaptation :
Electric & mecanic
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Guided waves
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S0 mode
symetric displacement, compression

A0 mode
antisymetric displacement, flexion
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Geometric optimisation (design)
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PZT

Potential V

130 Vpp
f0 = 100 kHz
Nperiod = 5

Hann window

r

z

Flexible transducers For ultrasound SHM Optimisation way

FEM, Temporal simulation with PZT
Axisymetric model around r = 0



PZT FEM Simulation : equations, BC

PZT

Alu plate

Potential V

• Input : electric potential V,
create electric field to the ground

equations of piezoelectric coupling

Output : acoustic displacement in plate

• PZT/plaque interface : stress/displacement
continuity

• Others interfaces : free or axial symetry

• No losses (dielectric/mecanic)

ground
z

r

Flexible transducers For ultrasound SHM Optimisation way
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PZT FEM Simulation : meshing

Elements size :
• PZT : 67 µm

• Plate : - 67 µm near
interface

- 500 µm far field

PZT

plate

PZT

plaque

ddl : 340 000 Calcul duration ~ 1 min

Flexible transducers For ultrasound SHM Optimisation way
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Geometric optimisation (design)
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PZT

Potential V

130 Vpp
f0 = 100 kHz
Nperiod = 5

Hann window

r

z

Flexible transducers For ultrasound SHM Optimisation way

FEM, Temporal simulation with PZT
Axisymetric model around r = 0



3D LASER vibrometer
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Field measurement of 3D displacement
- On complex surfaces

Video :  Out of plane displacement
field on the plate, emitted by PZT 

transducer

Flexible transducers For ultrasound SHM Optimisation way



Comparison : PZT, 100 kHz
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 100 kHz
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7 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 100 kHz

15 cm
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Out of plane vibrometer measurement
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Comparison : PZT, 100 kHz
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22 cm

Out of plane vibrometer measurement

In plane (simulation)
In plane (experiment)

Out of plane (simulation)
Out of plane (experiment)
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Comparison : PZT, 100 kHz

Flexible transducers For ultrasound SHM Optimisation way

• How affect the 
piezoelectric and 
mecanical parameters on 
system ?

• Take losses into acount

In plane (simulation)
In plane (experiment)

Out of plane (simulation)
Out of plane (experiment)
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Efficiency
Limits of this kind of transducers

Geometry
Design optimisation

CONCLUSION
OPTIMISATION

• Influence of coupling plate

• Electro-mecanical impedance
adaptation

(equivalent scheme ?)

• PVDF-TrFE
modeling/optimisation

• Improve comparisons
(plate parameters)

• Field characterization with LASER 
vibrometer

Flexible transducers For ultrasound SHM Optimisation way
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Thank you for your attention
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« Matériaux piézoélectriques :
les céramiques oxydes à base
de métaux de transition »
par Philippe PAPET
Professeur à Polytech Montpellier
Université Montpellier 2



Matériaux PZT

Données d’entrée du modèle numérique

• r=7.8 g/cm3

• Perméabilité relative à T (contrainte mécanique) constante

o Dans la direction de polarisation !""
#

!$
= 1200

o Dans les directions perpendiculaire à la polarisation 
!))#

!$
= 1500

• Propriétés électromécaniques : Coefficient de charge piézo
• 𝑑,- = −120𝑒0-1C/N
• 𝑑,, = 265 𝑒0-1C/N
• 𝑑-6 = 475𝑒0-1C/N

• Propriétés mécaniques => Coefficient de souplesse : 
o 𝑆--! = 11.8 𝑒0-1m2/N
o 𝑆,,! = 14.2𝑒0-1m2/N

On ne tient pas compte des pertes di-électriques, des 
pertes mécaniques.



PZT FEM Simulation : system, dimensions

PZT

alu plate

Temporal simulation, Comsol Multiphysics
Axisymetric model around r = 0

Aluminium plate :
• Linear elastic material
• Thikness 2 mm
• Length 2 m

PZT transducer :
• Piézoélectric material
• Properties : PI PIC181

8 given data / 10 needed

• Radius 15 mm
• Thikness 2,13 mm

r

z
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Comparison : PZT, 100 kHz
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 100 kHz
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7 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 100 kHz

15 cm
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Out of plane vibrometer measurement
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Comparaison ponctuelle : PZT, 100 kHz

22 cm
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Out of plane vibrometer measurement
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Comparison : PZT, 50 kHz
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 50 kHz
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5 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 50 kHz
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11 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 50 kHz
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16 cm
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Out of plane vibrometer measurement
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Comparison : PZT, 20 kHz
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 20 kHz
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5 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 20 kHz
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11 cm
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Out of plane vibrometer measurement
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Comparison ponctuelle : PZT, 20 kHz
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16 cm
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Out of plane vibrometer measurement
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