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Investigation goals
DR |

’) Is it possible to damp vibrations due to flutter with PZTs?

’) What is the optimal position & size of the PZTs?

control signal
sensor signal

https://personal.lse.ac.uk/ROBERT49/ebooks/PhilSciAdventures/lecture12.html
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Application of the methodology DLR I

Aeroelasitc problem

= Aeroelastic triangle of forces
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Aeroelasitc problem

= Aeroelastic triangle of forces

Piezoelectric materials
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Foundations

Aeroelasitc problem

= Aeroelastic triangle of forces

Piezoelectric materials
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Aeroelasitc problem

" Aeroelastic triangle of forces Direct piezoelectric effect: _z.“' — ;
Sensor

Piezoelectric materials

= Direct piezoelectric effect . . N
P Inverse piezoelectric effect: ; — _Z"
» |nverse piezoelectric effect Actuator

S=dx+FE
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Foundations

Aeroelasitc problem

= Aeroelastic triangle of forces

Piezoelectric materials

= Direct piezoelectric effect
» Inverse piezoelectric effect

= Coupled equations
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Modelling of structure x > N
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Modelling of structure x > N

S=sET +d'E
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Modelling of structure
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Setting up and solving PDEs
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M1, {i D] genid Cloentq} ={F}gen + on
[M]genid} + [Dlgeniq} + [Clgeniq} = {F}gen + p{Q1v}y
S=sET +d'E ‘

D=dT + ¢E {x} = [Al{x} + [Bl{u}
Setting up and solving PDEs {r}=[Cl{x} + [D]{u}
State-space representation of FEM model ‘
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Methodology

Modelling of structure

S=sET +d'E
D =dT + €E

Setting up and solving PDEs
State-space representation of FEM model

Position optimization

= Two different bending beams for position
optimization analysis
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Modelling of structure
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Modelling of structure

S=sET+d'E

1stBending Mode 2"d Bending Mode 3th Bending Mode
D =dT + €E ’
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Setting up and solving PDEs

|[norm. force|

State-space representation of FEM model
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Position optimization

= Two different bending beams for position
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Modelling of structure
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Methodology

Modelling of structure

S=sET +d'E
D =dT + €E

Setting up and solving PDEs

State-space representation of FEM model

Position optimization

= Two different bending beams for position
optimization analysis

Design of control system using SIMULINK
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Validation of structure

Methodology Nastran Analytical

y
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Validation of structure

Methodology Analytical

fe, [HZ] 21.50 21.73 21.00
fe, [HZ] 132.56 130.33 131.50
fe, [Hz] 290.45 — -
15¢tEigenmode (bending) 2"Eigenmode (bending) 3"@Eigenmode (torsional)
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Validation of structure

Validation of piezo effect
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Validation of structure )
Validation of piezo effect
PZT forces total system forces
Displacement [m]
2 direction i Z F, [N]
X
y
z z —12.38
* 1077
x — direction forces
0 y — direction forces
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Validation of structure
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Simulation Experiment

Validation of structure |

Validation of piezo effect 1st bending mode

normalized tip deflection

Validation of position optimization
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Test Setup
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Test Setup

Displacement sensor
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Test Setup 1°t Mode (bending) 2" Mode (bending) 34 Mode (torsional)
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. - - 2
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Test Setup e

Pre- Windtunnel tests H ;
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Test Setup

Pre- Windtunnel tests
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Pre- Windtunnel tests

Windtunnel test
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Test Setup

______________________________

Pre- Windtunnel tests i
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Thank you for your attention!
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