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From rotor fan blades to FOD panels

Leading edge composed

of titanium (a)
Core body composed of

3D woven composite

FOD panel substructure

300 mm

Courtesy: Paris Air SEOW, June 20'#3
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Predictive health management & Structural Health Monitoring
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® :-) Too early — Wasted time and money.
¢ | Best moment — No real damage, but coming soon.
® :-( Too late — Failure already happened...
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Printed piezoelectric transducers

» Screen printing at Fraunhofer IFAM, Germany
» Electrodes - Silver conductive paste
» Active layer — Piezoelectric paste
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Advantages over ceramic
piezoelectric transducers

» Low weight

> Less fragile

» Arbitrary shape

» Can Handle curved surface
» Wires can also be printed

A printed PZT
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What can be expected from printed piezoelectric transducer?

» Electromechanical Impedance
» Transducer health monitoring
» Local damage monitoring
» Impact measurements
» Detection & localisation of impact events
» Estimation of impacts energy
» Acoustic Emission
» Passive monitoring of damage during the damaging process
» Allows to follow online and in-situ damage from its premisces
» Lamb waves interrogation
» Active monitoring of damages
» Allows to follow online and in-situ damage evolution

One single sensor technology can handle several
complementary functionalities
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MTS 810
Hydraulic
Machine Camera
Interrogator
for FBGs Data
Acquisition
System for
PZTs
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Experimental Schema
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= Baseline measurements for guided

waves based SHM in healthy state

Gliided = |mpact using a drop tower apparatus
Waves SHM
(standard
ceramic PZTs as
actuators) Load | FBG | Camera | Passive | Active
4 kN | const. | 20 cycles cyzc(l)es ciglgs
8 KN | const. 20 20 200
12 kN | const. 20 20 200
14 KN | const. 20 20 200
16 KN | const. 10 10 100
18 KN | const. 10 10 100
20 kN | const. 10 10 100
22 kN | const. 10 10 100
24 kKN | const. 10 10 100
26 kN | const. 5 5 50
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Electromechanical Impedance principle

» Piezoelectric transducer health monitoring
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» Local damage monitoring: The real part of the electromechanical impedance will be
Influenced by damages in the vicinity of the piezoelectric transducers.
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Electromechanical behavior of Printed PZTs

Capacitance of all sensors
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Screen printing technology has
> Most of the sensors are well connected the potential for large scale

» Highly repeatable process i ]
» Observed deviations due to p-size variations of surface deployment durt ng manUfaCturmg
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Impact Measurement by Printed PZTs

Impactor

Printed PZTs can detect and locate
Impacts successfully
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Acoustic Emission Principle
» Passive monitoring of damage during its growth

» Allows to follow online and in-situ damage from
Its premisces
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‘ Printed PZTs are suitable for acoustic emission
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Guided Waves Measurement principle

Waveform Diagnostic
generator algorithm
@ Q = > Active monitoring of damages
(o] . - - -
» Allows to follow online and in-situ damage evolution
Multiplexer Recording |
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(a) 34.5 kHz (b) 49.5 kHz (c) 74.5 kHz

‘ Printed PZTs can emit guided waves ‘
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Guided Waves Measurement by Printed PZTs
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Printed PZTs emit and measure
guided waves successfully
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5-cycled toneburst excitation:
50, 100, 150, 200, 250 kHz
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Conclusions

» Electromechanical Impedance:
» Transducer health monitoring
» Local damage monitoring
» Impact measurements:
» Detection & localisation of impact events
» Estimation of impacts energy
» Acoustic Emission:
» Passive monitoring of damage during the damaging process
» Allows to follow online and in-situ damage from its premisces
» Lamb waves interrogation:
» Active monitoring of damages
» Allows to follow online and in-situ damage evolution

A printed PZT

One single transducer technology can handle
several complementary functionalities.
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Perspectives

» Define a common HDF5 format for data storage and to feed 1A algorithms
» QOrganize experimental and simulation campaign to comply with this format
» Provide tools for real-time and offline data visualization

Multi-
purpose
Graphical
User
Interface

Export
functions
for XP
and SIM
tools

W HDF5
MORPHO

common

ISUALIZE

format

ORGANIZE

vV

Data will be published in open access along with a
data description paper to feed 1A algorithms for PHM
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Thank you!
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