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3Tunable Magnetostrictive Auxilliary Mass Damper for Adaptronic Applications
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4Magnetostrictive Valve for Common Rail Diesel Injection Systems
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5Piezoelectric xy-positioning System with Parallel Kinematic in Push-pull Operation
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6Mechanical Structure with Distributed Piezoelectric Actuators and Sensors
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7Model Structure of a Magnetostrictive Actuator
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8Model Structure of a Piezoelectric Actuator
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9Large-signal Properties of the Actuator Characteristic
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10Large-signal Properties of the Electrical Characteristic
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12Four Different Classes of Material Properties
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27Modeling of Complex Memory Nonlinearity: Creep Extensions
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28Compensator Design: Inverse Prandtl-Ishlinskii Hysteresis Operator 
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29Compensator Design: Prandtl-Ishlinskii Creep Extension
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30Compensator Design: Inverse Preisach Hysteresis Operator
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31Compensator Design: Preisach Creep Extension
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32Model and Compensator Synthesis: Preisach Hysteresis Operator
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33Application Examples: Sensors
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34Application Examples: Actuators
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35General Framework for Self-sensing Solid-state Actuator

ΓS

ΓA

Electrical
circuit

y(t) F(t)

s(t)

d
dt+

+

X(t)

A

Quasistatic
material properties

Reconstruction und
compensation filter

Measurement and
power electronics

GU

GX

Gz

UX(t)

Uy(t)

sr(t)

Fr(t)

ΓA

ΓS
-1  Ky

-1

Uc(t)ss(t)

z(t)

X(t)

 KX
-1

ΓA
-1  KU

-1

Γ − − −= 1 1 1( ) [ , ]( )r S X X y yF t K U K U t

Γ −= 1( ) [ , ]( )r A X X rs t K U F t

Γ− −= 1 1( ) [ , ]( )C U A s rU t K s F t

=( ) [ ]( )X XU t G X t

=( ) [ ]( )y zU t G z t

=( ) [ ]( )U CX t G U t

⇒( ), ( ) ( )U t I t X t

ψ ⇒( ), ( ) ( )q t t y t

⇒,G R A

= +&( ) ( ) ( )z t y t AX t

Γ=( ) [ , ]( )Sy t X F t

Γ=( ) [ , ]( )As t X F t

⇓
⎛ ⎞ ⎛ ⎞⎛ ⎞
⎜ ⎟ ⎜ ⎟⎜ ⎟=⎜ ⎟ ⎜ ⎟⎜ ⎟
⎜ ⎟ ⎜ ⎟⎜ ⎟
⎝ ⎠ ⎝ ⎠⎝ ⎠

( ) 1 0 0 ( )
( ) 0 1 0 ( )
( ) 0 0 1 ( )

r

r

s

F t F t
s t s t
s t s t

⇒( ), ( ) ( )i t u t z t



Laboratory of Process Automation, Saarland University, Saarbrücken, Germany  

36Application Example: Piezoelectric Self-sensing Actuator
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37Piezoelectric Self-sensing Actuator: Linear Model and Inverse Filter
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38Piezoelectric Self-sensing Actuator: Hysteretic Model and Inverse Filter

  8.0

  4.8

  1.6

-1.6

-4.8

ss,s

  µm

-8.0

         ss
        s

t
 s-0.45 1.20 2.85 4.50 6.15 7.80 9.45

  8.0

  4.8

  1.6

-1.6

-4.8

s

  µm

-8.0

  ss

µm-8.0 -5.3 -2.7 0.0  2.7   5.3  8.0

  8.0

  4.8

  1.6

-1.6

-4.8

s,sr

  µm

-8.0

         s
        sr

t
 s-0.45 1.20 2.85 4.50 6.15 7.80 9.45

   8.0

  4.8

  1.6

-1.6 

-4.8 

sr 

  µm

-8.0 

  s 
µm-8.0 -5.3 -2.7 0.0  2.7   5.3  8.0 

F,Fr

   N

 50

  30

  10

 -10

 -30

 -50

         F
        Fr

t
 s-0.45 1.20 2.85 4.50 6.15 7.80 9.45

Fr

   N

 50

  30

  10

 -10

 -30

 -50

F
 N -50 -33 -17   0   17   33  50



Laboratory of Process Automation, Saarland University, Saarbrücken, Germany  

39

1. Self-learning and Adaptive Compensators for Complex Memory

Nonlinearities

2. Realisation of Compensators with FPGA’s for high-speed Applications

3. Integration into high-performance control strategies for mechatronic

components

Conclusions and Prospects
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