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Seminal work
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Ultrasonic vibrations superimposed during tensile tests reduce the forging load
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Forging : superimposing low frequency vibration during upsetting
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The piezoelectric effect :

local effect
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Local interactions Constitutive laws
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Macroscopic model of an actuator

EMR’25, Lille, July 2025

O F
Simplified model
Y Slender piezoelectric rod :
l * Quasi static motion
* Mechanical load applied on the horizontal
surfaces of the rod
* \oltage is imposed on the electrodes
* Unidimensional problem
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u,: displacement ; Q : charge ;

F : force applied to the piezostack ;
V : Voltage applied to the piezostack
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Introducing causality 10
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Storages : u3:f u,dt U; : speed
sz idt i :current
E E
Sl . Syl
U= 3320F—d33v J.Usdt: z;ZOF—d33V
¢ T 2
T 2 el a
£, rl: _— -
Q:_d33F+%V fldt— daaF"‘—lO %4
0
K= gzl the rigidity of the rod (N/m)
Definitions Kf:_i;;%s conversion (N/V or C/m)

c =224 « free » capacitance (F)

c,=C,-d, Kk, «blocked » capacitance (F)
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EMR of the piezostack actuator 11

EMR’25, Lille, July 2025

F=K,[d,dt-F ~
We rewrite : [i-i,dt " with [EP__KKJCY
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EMR of the vibrating tool 12
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The model is augmented to account for the tooling
inertia

4 flexible link (negligible) P -
_ . 5+6 tool i %4 F / <+

The path from the speed toward a measurable electric
3 body variable is found using the EMR of the system

Simplified model of the vibrating
tool
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Estimator and experimental validation
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The motional current is then estimated by matching the voltage of model of the blocked capacitance (purple

block) to the actual voltage using a closed loop

[Giraud-Audine 2011]
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Conclusion 14
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1) A physical model of the vibrating tool was derived from local

equations

2) Identifying the energy storage to buil the EMR

3) ldentify the path from the estimated variable toward a
measured or controlled variable

4) Build the estimator by driving the model error to zero using a

controller
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