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Abstract:

Ultrasonic piezoelectric converters (UPC) require adequate power supplies providing high frequency output volt-
age of several hundred volts and a total output power up to several kilowatts. Several concepts are conceivable but
the potential of optimisation adopting a certain concept depends on the electrical terminal behaviour of the UPC.
In this contribution the operating behaviour of UPC is discussed with respect to their transfer function, the neces-
sary excitation and their terminal behaviour. The latter definies the demands for the power supply, while consider-
ing different parameter combinations for bandwidth, quality and piezoelectric capacitance. The main part of this
contribution is concerned with the development and realisation of a laboratory power supply for UPC, which is of

resonant type.

Introduction

Ultrasonic piezoelectric converters (UPC), which
generate a mechanical ultrasonic vibration use the
inverse piezoelectric effect at medium and high
power (see Fig. 1). These actuators are used for vari-
ous kinds of applications like welding, bonding or
cleaning processes.

They are characterised by a very small mechanical
damping and thus by a very high quality. Further on
they can be operated with a power factor of 1 when it
is driven at resonance or antiresonance. For efficient
operation the converters are typically driven in their
mechanical resonance, which demands high fre-
quency voltages of several hundred volts. Since the
operating point is subject to the converters environ-
mental influences e. g. contact mechanics and tem-
perature, the frequency must track the optimal
operating point.

Various concepts to control UPC are thinkable. Often
analog amplifiers are used for operating UPC, where
the transistors are operated in A, B or C operation
mode (class-A, B or C). contact pressure
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Fig.1: Functional principle
of UPC

LC resonant converter and LLCC resonant converter
are suitable likewise for the supply of UPC. But the
terminal behavior of the UPC differs substantially
from that of the piezoelectric ultrasonic motors and
generates special demands on the selected resonant
converter topology. The small damping of the
mechanical oscillation system leads to a high damp-
ing in the electrical resonant circuit of the resonant
converter, which directly affects the transfer behav-
iour of the converter output filter.

In this contribution first the effect of the mechanical
system and the terminal behaviour of UPC is investi-
gated. The influence on the output filter of LC and
LLCC resonant converter is studied and measure-
ments reducing the dominance of the mechanical
system are presented. Their efficiency will be pre-
sented by means of an implemented power supply.
Since these circuit measures are unfavorable with
respect to the optimisation of volumes and weight of
the power supply, alternative converter concepts are
presented in the last part.

Electrical behaviour of UPC

The electrical behaviour of UPC is influenced by
several factors, like mechanical load and tempera-
ture. The well known equivalent circuit is depicted in
Fig. 2 a, where the piezo capacitance is represented
by C,. The mechanical system is represented by a
series resonant circuit L,-C,-R,. The electrical
losses of the dielectric are neglected. The illustration
of the magnitude and phase of the impedance Z(j 2xtf)
is carried out in frequency standardised representa-
tion according to

0= / with £ ! 1)

fres,O s 2n /Lm(Cm-FCL)
C;—0
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Fig.2: Equivalent circuit and impedance of UPC

and with f. o as the resonance frequency of the
mechanical oscillation circuit without load. The
amount of the impedance is standardised on Z, = R,,,.
Changes of the mechanical boundary conditions are
modeled by the additional damping (R;) and the
mechanical stiffness (C;), while changes in the
inductance L,, can generally be neglected.

The operating point of the UPC is the resonance fre-
quency of the mechanical oscillation circuit
(mechanical resonance), at which the generated
mechanical deflection becomes maximum at the
tool. The UPC regarded here are characterised in the
no-load operation (R; =C;=0) by a very small
mechanical damping. In resonance and antireso-
nance they indicate typically a phase zero crossover.
The influence of the load on the transfer characteris-
tic of the UPC is illustrated in Fig. 2 b. The quality
factor is reduced by increase of the damping, until
the phase in resonance or antiresonance does not
reach zero any more. The UPC behaves like a capac-
itance, solely. The variation of the stiffness yields a
characteristic shifted along the frequency axis. This
requires the control of frequency for an efficient use
of the mechanical ultrasonic vibration. To free oscil-
lating UPC with small stimulation apply exemplarily
the values indicated in Table 1.

G R, C, L,
16 nF 64 Q 184 pF 0,37H

Table 1: Typical parameter of UPC

In applications, where an additional damping does
not cause the phase to become smaller than zero, the
mechanical oscillation system shows a predominant
effect on the transfer characteristic of the power sup-
ply.

In the following LC resonant converter and LLCC
converter are examined concerning their suitability

feeding UPC with low damping. For efficient con-
verter operation a constant output voltage should be
generated particularly. This saves a high voltage
reserve and an otherwise necessary voltage control.

LC resonant converter

The topology of a LC resonant converter is depicted
in Fig. 3 a. For the design of the output filter it is pro-
posed to choose

L, = ! @)

T aniC,HC)

The value Af is sclected, that the resonance fre-
quency of the L-C,-oscillating circuit is 20 to 25%
of the mechanical resonance below the operating
point of the UPC (C, = 0). This reduces the collapse
of the magnitude (see Fig. 3 b) and places the point
of operation at a magnitude of 1. In piczoelectric
systems with high damping the distance between the
resonance frequencies is much smaller (e. g. 10%),
see [3].

In Fig. 3 b is the appropriate transfer characteristic
Grc(0) = Vi(jo) / V,(j¢) illustrated. The influence of
the mechanical oscillation circuit on the transfer
characteristic is noticeable at stimulation with
mechanical resonance frequency (¢ =1). At this
point of operation the magnitude falls below the
amplification of 1. In addition the phase is increasing
rapidly when the mechanical resonance is
approached.

More suitable conditions are gained by using a
capacitor C, for compensation in parallel to the
UPC, which reduces the impedance of the resulting
loading system. Unluckily this increased load yields
of course higher load currents causing larger current
stress for the power semiconductors as well as a
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Fig.3: LC resonant converter a) Topology, b) Transfer char-
acteristic

486 ACTUATOR 2002, 8th International Conference on New Actuators, 10 — 12 June 2002, Bremen, Germany



IGLcUd)l

o Choice for Co
g —Co-

= — = Ce=20Cp
< -

S -100 ——Ce=5Gp
S Y L T S T Cc=20Cp
J

0.98 0.99 1 1.01  1.02 1.03

Fig.4: Magnitude and phase characteristic of a LC resonant
converter with various compensating capacitors

more voluminous inductor Lj.

In Fig. 4 the magnitude and phase characteristic of
the converter output filter is shown in the neighbour-
hood of the rated operation point for a varying com-
pensation capacitance C,. It turned out that a large
capacitance value is required for an appropriate sta-
bilisation of the output voltage. The small driving
range of operation of the UPC is regarded as addi-
tional disadvantage of the LC resonant converter.
Foremostly this is caused by the fact that the opera-
tion range of the UPC is located on the descending
branch of the magnitude characteristic of the L-
C,||Cc-resonant tank. An alternative converter topol-
ogy represents the LLCC-resonant converter.

LLCC resonant converter

Topology and transfer characteristic of the LLCC-
resonant converter Gy ;cc(9) = Vi(i9) / V,(jo) is
shown in Fig. 5. The design of the L,-C,|[|C-parallel
resonant circuit (see [1] and [3]) is performed with
the given capacitances C, und C,

L = ! 3

P 2 ’
(znfres,o) (Cp + Cc)
and the design of the series resonance circuit L-C, is
implemented using

L-oaL, c.=L 1 )

K P’ s 2
* Lp(znfres,O)

The position of both resonant peaks is fixed by factor
. This allows a design of the output filters in a way
that the voltage gain becomes 1 in a wide range at a
phase angle of 0. If an optimal matching of output
filter on the UPC is assured, only slight variations
can be observed in the characteristics. But as soon as
variations occur of the mechanical resonance (Cy) or
of the components used (due to tolerances in produc-
tion) this leads to a detuning of the filter. In Fig. 6 the
transfer characteristic is depicted for the following
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Fig.5: LLCC resonant converter a) Topology, b) Transfer
characteristic
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deviation of the resonance frequency

fres,D 7fres
f res,0

from that at non loaded state. Again an insertion of a
compensating capacitance leads to transfer charac-
teristics with less effects on the output voltage v,,.
The resulting effects of various capacitances is
shown in Fig. 7 for a detuning of £, =4,7%. Com-
pared to a LC resonant converter a much smaller
capacitance is sufficient to stabilise the voltage
within a margin of 10% under similar conditions
(Cerc/ Cerrce=33).

However, the increased reactive power represents an
extra charge of the power components as for the LC
resonance converter, which yields to more volumic
and costly inductors and higher losses in the power
circuitry.
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Fig.6: Magnitude and phase characteristic of a LLCC reso-
nant converter with varied resonance frequency of the
mechanical oscillation circuit
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Fig.7: Magnitude and phase characteristic of a LLCC reso-
nant converter with various compensating capacitors

Design of a LLCC resonant converter

Aim of the underlying project behind this contribu-
tion was the development of a power supply for
operating various UPC in the frequency range of 18 -
22 kHz. The amplitude of the fundamental wave-
form of the supply was fixed to 500 Vg, which
was achieved by using a turns ratio of a power trans-
former of ng/ n, = 3.42. The load of the output filter
tranformed on the primary side calculates to
Z;' =27, /3.42%

Due to the wider range of operation the LLCC-topol-
ogy was realised. Note, that one has to account for
the 2nd harmonics in the output signal affected by
the duty cycle D of the transistors, when using a
halfbridge topology (it becomes maximum at
D =0,25). For a design of oo=2 this harmonic
moves towards the upper peaking of the LLCC-filter.
This yields an extreme charge of the power compo-
nents, which might cause their destruction. For
smaller values of o a sufficient voltage stability is
obtained for the required mode of operation when
using a compen-sating capacitance. Realised LLCC-
components are given in Table 2.

C, L, C, L
1 uF 67 uH 1.1 uF 74 pH

Table 2: LLCC-components of the realised LLCC-converter

Experimental results

Magnitude and phase characteristic of the realised
LLCC converter are depicted in Fig. 8. Though a
wide operation mode of 4 kHz is assured the result-
ing effects of the mechanical system on the stiffness
of the electrical exitation is sufficiently low.
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Fig.8: Experimental results: LLCC resonance converter with
compensating capacitor C,.

Outlook

Nearly all power electronic designs aim at low costs
and good efficiency. In contrast to e. g. piezoelectric
ultrasonic motors, which are usually operated at a
power factor below 0.2, see [4], UPC as discussed
above can be operated at power factors of nearly 1.
Since compensation of reactive power is not essen-
tial for UPC, converter concepts without resonant
coils but only equipped with small output filters are
appropriate.

Conclusions

The transfer behaviour of resonant tanks of LC and
LLCC resonant converter is critical due to the feed-
back generated by the mechanical oscillation system.
Measures for avoiding this problem (introducing an
additional capacitance) are discussed, but as a draw-
back size and volume of the overall system increase.
Different types of resonant converter concepts such
as LC- and LLCC-resonant converter are discussed,
too. Finally the half-bridge voltage source LLCC-
resonant converter is chosen for realisation. Imple-
mentation highlights are outlined and experimental
results are presented.

References

[1] F.-J. Lin, R.-Y. Duan, H.-H. Lin, “An Ultrasonic Motor
Drive Using LLCC Resonant Technique.” Proc. of
PESC’99, vol. 2, pp. 947-952.

[2] M. Crivii, M. Jufer, "DC to AC Converter for Piezo-
electric Motors." Proc. of EPE’99, Lausanne

[3] T. Schulte, H. Grotstollen, N. Fréhleke, "Control for
Ultrasonic Motors with LLCC-Resonant Converter."
7th Int. Conf. on New Actuators (ACTUATOR 2000),
pp. 367-370

[4] T. Schulte, N. Frohleke, "PWM-Converter for Travel-
ling Wave Type Ultrasonic Motors." Contributed to
ACTUATOR 2002.

488 ACTUATOR 2002, 8th International Conference on New Actuators, 10 — 12 June 2002, Bremen, Germany



	Organisation
	Table of Contents
	Oral Contributions
	Sessions A
	A1 Piezoelectric Actuators I
	A 1.0 PIEZOELECTRIC ACTUATORS 2002
-- NEW MATERIAL, DESIGN AND DRIVE/CONTROL RELATED ISSUES --
	A 1.1 MODELLING, CHARACTERISATION AND
IMPLEMENTATION OF A MONOLITHIC PIEZO-ACTUATOR
(MPA) OF 2 AND 3 DEGREES OF FREEDOM (DOF)
	A 1.2 THE SHEAR EFFECT IN PIEZO-FERROELECTRIC CERAMICS
AND IT’S APPLICATION TO ACTUATOR DEVICES
	A 1.3 RADIAL FIELD PIEZOELECTRIC DIAPHRAGMS
	A 1.4 SURFACE ACOUSTIC WAVE MOTOR USING SILICON SLIDER
AND ENERGY CIRCULATION STATOR
	A 1.5 SELF-SUPPLIED PIEZOELECTRIC SENSOR-ACTUATOR
	A 1.6 SEVERAL TYPES OF PIEZOELECTRIC TRANSFORMER FOR SMALL COIL-LESS HIGH-EFFICIENCY POWER SUPPLIES

	A2 Shape Memory Actuators
	A 2.0 SPECIALTY SHAPE MEMORY ALLOY FILMS
	A 2.1 A RETROSPECTIVE EVALUATION OF SMA MICROACTUATION
	A 2.2 A COMPACT ACTUATOR BASED ON SHAPE MEMORY ALLOY WIRES
	A 2.3 DESIGN PRINCIPLES AND NEW ACTUATOR APPLICATIONS WITH NITI STRAIGHT WIRE ACTUATORS
	A 2.4 BISTABLE SHAPE MEMORY COMPOSITES FOR SWITCHES, GRIPPERS AND ADJUSTABLE CAPACITORS
	A 2.5 SHAPE MEMORY COMPOSITES WITH PHASE-COUPLED MOTION

	A3 Nanopositioning/Nanomanipulation
	A 3.0 A TRENDS IN NANOPOSITIONING
	A 3.0 B TRENDS IN NANOMANIPULATION: FROM NANOMOTOR TO MICRO PRODUCTION LINE
	A 3.1 CONDITIONS FOR AUTOMATED HIGH-PRECISION ALIGNMENT PROCESSES OF OPTRONIC COMPONENTS 
	A 3.2 A MAGNETIC MANIPULATOR FOR SINGLE CELL MANIPULATION: BEHAVIOR AND CONTROL
	A 3.3 MICRO- AND NANOMANIPULATION INSIDE THE SEM
	A 3.4 EXTRACTION AND MANIPULATION OF BIOLOGICAL SPECIMEN COMBINING UV-LASER-ABLATION AND ATOMIC-FORCE MICROSCOPY

	A4 Piezoelectric Actuators II: Applications
	A 4.0 PIEZOELECTRIC ACTUATORS: EXPANDING APPLICATIONS AND RELIABILITY ISSUES
	A 4.1 LOW COST PRECISION CONTROL OF PIEZO-CERAMIC ACTUATORS
	A 4.2 A PIEZOELECTRIC SHEAR-SHEAR MODE ULTRASONIC MOTOR
	A 4.3 FAST RESPONDING AUTOMOTIVE MICROINJECTOR, OPERATING WITH A MULTIPLICATED PIEZOELECTRIC ACTUATOR
	A 4.4 ACTUATORS IN ASTRONOMICAL INSTRUMENTATION
	A 4.5 REAL-TIME TEMPERATURE MEASUREMENT INSIDE A PRINT-HEAD ACTUATOR  
	A 4.6 VALVES BASED ON AMPLIFIED PIEZOELECTRIC ACTUATORS
	A 4.7 SELF-TUNING OF THE DYNAMIC BEHAVIOUR OF PIEZOELECTRIC-DRIVEN SYSTEMS

	A5 Magnetostrictive Actuators
	A 5.0 ACTUATORS BASED ON GIANT MAGNETOSTRICTIVE MATERIALS
	A 5.1 HIGH POWER ACTUATOR DRIVEN BY A MAGNETIC FIELD OF FE-PD ALLOY FILM
	A 5.2 APPLICATIONS OF MAGNETIC SHAPE MEMORY ACTUATORS
	A 5.3 FORMATION OF GIANT MAGNETOSTRICTIVE THIN FILMS BY ION PLATING PROCESS
	A 5.4 THIN FILM MAGNETOSTRICTIVE ACTUATION OF A 2D SCANNING SILICON MICRO-MIRROR 

	A6 Low-Power Electromagnetic Actuators
	A 6.0 ELECTROMAGNETIC ACTUATORS – CURRENT DEVELOPMENTS AND EXAMPLES
	A 6.1 DESIGN, FABRICATION, AND CHARACTERIZATION OF A MINIATURE LINEAR ASYNCHRONOUS MOTOR
	A 6.2 FLEXIBLE ELECTROSTATIC LINEAR ACTUATOR
	A 6.3 SHORT STROKE ACTUATORS WITH HALBACH-LIKE MAGNET ARRAYS
	A 6.4 NEW DEVELOPMENTS IN THE LINEAR VOICE COIL ACTUATOR TECHNOLOGY
	A 6.5 A NEW PLANAR ELECTROMAGNETIC MICROMOTOR WITH ULTRASMALL VOLUME
	A 6.6 LOW COST - HIGH SPEED SMALL SIZE DISK MAGNET SYNCHRONOUS MOTOR
	A 6.7 AN INNOVATIVE TYPE OF WINDOW REGULATOR MOTOR FOR DOORS OF PASSENGER CARS
	A 6.8 HOLLOW SHAFT MICRO SERVO ACTUATORS REALIZED WITH THE MICRO HARMONIC DRIVE®
	A 6.9 INTEGRATION OF MINIATURIZED FAST ACTING VALVES IN PNEUMATIC DRIVES 


	Sessions B
	B1 Microfluidics
	B 1.0 STATE OF THE ART IN PNEUMATIC MICROVALVES
	B 1.1 A NOVEL DEVICE FOR FLOW MONITORING IN DRUG DELIVERY SYSTEMS 
	B 1.2 A NOVEL DEVICE FOR HIGH FREQUENCY EJECTION OF NANOLITER JETS 
	B 1.3 A MODULAR INTEGRATED MICROFLUIDIC CONTROLLER
	B 1.4 MASSIVE PARALLEL LIQUID DISPENSING IN THE NANOLITER RANGE BY PNEUMATIC ACTUATION
	B 1.5 DEVELOPMENT OF RESONANTLY-DRIVEN PIEZOELECTRIC MICROPUMP AND ITS APPLICATION TO MICRO PRESS
	B 1.6 MICRO COMPONENTS FOR HIGHLY PARALLELIZED CHEMICAL AND BIOLOGICAL PROCESSES WITH MAGNETIC BEADS

	B2 Vibration Control
	B 2.0 RECENT ADVANCES IN ACTIVE DAMPING AND VIBRATION CONTROL
	B 2.1 STIFF AND SOFT STEWART PLATFORMS FOR ACTIVE DAMPING AND ACTIVE ISOLATION OF VIBRATIONS
	B 2.2 ACTIVE CANCELLATION OF STRUCTURE BORNE ENGINE VIBRATIONS IN PASSENGER CARS WITH THIN PIEZOCERAMIC PLATE ACTUATORS
	B 2.3 VIBRATIONS CONTROL USING HYBRID DYNAMIC VIBRATION ABSORBER (HDVAS) BASED ON MAGNETOSTRICTIVE ACTIVE MATERIAL
	B 2.4 MODIFIED VELOCITY-FEEDBACK CONTROLLER WITH COLLOCATED PIEZOELECTRIC ACTUATORS/SENSORS FOR ACTIVE VIBRATION SUPPRESSION
	B 2.5 RELIABILITY TESTING OF NASA PIEZOCOMPOSITE ACTUATORS

	B3 Aeronautical/Aerospace Applications
	B 3.0 ACTUATORS FOR AEROSPACE APPLICATIONS – DEVELOPMENTS AND TRENDS
	B 3.1 MABE: HIGH-PRECISION TIP/TILT MECHANISM BASED ON MAGNETIC BEARING TECHNOLOGY
	B 3.2 PIEZO QUALIFICATION FOR SPACE APPLICATIONS
	B 3.3 AN ADAPTIVE BUMP FOR TRANSONIC SHOCK WAVE DRAG REDUCTION
	B 3.4 EXPERIMENTAL ASSESSMENT AND FURTHER DEVELOPMENT OF AMPLIFIED PIEZO ACTUATORS FOR ACTIVE FLAP DEVICES

	B4 Micro Actuators
	B 4.0 MEASURING TECHNIQUES FOR MICROACTUATORS
	B 4.1 BULK SILICON MICROMACHINED ELECTROSTATIC MICROACTUATORS FOR USE IN OPTICAL MEMS
	B 4.2 SELF- SUSTAINING MICRO MECHANICAL POWER SOURCE
	B 4.3 A MINIATURIZED LASER SCANNER IN LIGA TECHNOLOGY (MILS)
	B 4.4 A FIELD MILL BASED ON THE MODULAR MEMS FRAMEWORK MATCH-X
	B 4.5 A NOVEL MICROGRIPPER WITH PARALLEL MOVEMENT OF GRIPPING ARMS
	B 4.6 IMAGE CAPTURING METHOD USING A MICROACTUATOR WITH DIFFRACTION GRATING
	B 4.7 REALIZATION OF ELECTROSTATICALLY DRIVEN ACTUATORS USING CURVED ELECTRODES FABRICATED BY USING SILICON BULK MICROMACHINING TECHNIQUES

	B5 ERF/MRF Actuators
	B 5.0 CONTROLLABLE FLUIDS IN 2002 - STATUS OF ER AND MR FLUID TECHNOLOGY
	B 5.1 CONTROLLABLE MAGNETORHEOLOGICAL DAMPERS FOR SHOCK AND VIBRATION
	B 5.2 ACTIVE HYDROSTATIC BEARING WITH MAGNETORHEOLOGICAL FLUID
	B 5.3 MODELLING THE MAGNETIC PROPERTIES AND DYNAMIC BEHAVIOUR OF MRF-VALVES IN FLOW MODE
	B 5.4 ER FLUID BASED HAPTIC SYSTEM FOR VIRTUAL REALITY

	B6 Medical Applications
	B 6.1 RECENT DEVELOPMENTS IN SMA THIN FILM BASED MICRO-ACTUATORS FOR BIOMEDICAL AND FIBER OPTICS APPLICATIONS
	B 6.2 A PIEZOELECTRIC ACTUATOR FOR MR ELASTOGRAPHY
	B 6.3 FEEDING AND CONTROL ELECTRONIC OF A PIEZOELECTRIC ACTUATOR
	B 6.4 UPPER LIMB MULTIFUNCTIONAL PROSTHETICS, THE MANUS CONCEPT

	B7 Polymer Actuators
	B 7.0 POLYMER ACTUATORS
	B 7.1 IONIC POLYMER-CONDUCTOR COMPOSITES (IPCC’S) AS BIOMIMETIC ROBOTIC ACTUATORS, SENSORS AND ARTIFICIAL MUSCLES-A BRIEF REVIEW
	B 7.2 DIELECTRIC ELASTOMER ACTUATORS WITH SMART METALLIC COMPLIANT ELECTRODES
	B 7.3 MICROACTUATORS BASED ON POLYPYRROLE FOR BIOMEDICINE
	B 7.4 ELECTROSTATIC ACTUATORS WITH ELASTIC DIELECTRIC FOR USE ON TACTILE DISPLAYS



	Poster Contributions
	Piezoelectric Actuators
	P 1 THE RESEARCH OF PIEZOELECTRIC CONTROL METHOD USING MATHEMATICAL MODELING
	P 2 A NOVEL PIEZOELECTRIC ULTRASONIC LINEAR MICRO ACTUATOR
	P 3 PROPERTIES OF PZT MULTILAYER ACTUATORS
	P 5 TWO-PHASE PIEZOELECTRIC LINEAR ACTUATORS BASED ON THE LONGITUDINAL AND BENDING ACOUSTIC WAVES FOR ULTRASONIC MOTORS
	P 6 APPLICATION SPECIFIC COMPONENTS: CERAMIC MULTI-LAYER BENDING RINGS
	P 7 EXPERIMENTAL AND NUMERICAL ANALYSIS ON BIMORPH PIEZO-ACTUATORS
	P 8 ON A MATHEMATICAL MODEL OF A WOBBLING—DISC ULTRASONIC MOTOR
	P 9 ON THE ANALYSIS OF A PIEZOELECTRIC BIMORPHS ACTUATOR FOR IN-PIPE MICRO LOCOMOTIVE MECHANISM
	P 10 FAST FEEDBACK CONTROL OF PIEZOELECTRIC ACTUATORS
	P 11 CHARACTERISATION AND MODELLING OF PIEZOELECTRIC BENDING ACTUATORS
	P 12 BEHAVIOUR OF PIEZOELECTRIC MICROPUSH MOTORS WITH VARYING LOADS
	P 13 PWM-CONVERTER FOR TRAVELLING WAVE TYPE ULTRASONIC MOTORS
	P 14 PIEZOELECTRIC LINEAR ACTUATOR USING L1-F2 DOUBLE-RESONANCE-MODE TRIDENT TYPE TUNING-FORK RESONATOR
	P 15 CHARACTERISTICS OF GYRO-MOMENT MOTOR
	P 16 NEW HIGH SPEED CURRENT CONTROLLED AMPLIFIER FOR PZT MULTILAYER STACK ACTUATORS
	P 17 NEW STRUCTURE OF ULTRASONIC MOTOR USING LONGITUDINAL AND BENDING VIBRATION MODES OF A RECTANGULAR PLATE
	P 18 NEW POWER AMPLIFIER CONCEPT FOR PIEZOELECTRIC ACTUATORS
	P 19 MODELLING AND EXPERIMENTS OF A STANDING WAVE PIEZOMOTOR
	P 20 A PIEZO-ELECTRICAL TRAVELLING WAVE XY-STAGE
	P 21 ANALYTICAL STATOR STUDY OF CYLINDRICAL ULTRASONIC MOTORS
	P 22 DESIGN OF A TRAVELLING-WAVE ULTRASONIC PIEZOELECTRIC MICROMOTOR IN SILICON USING DRIE
	P 23 MINIATURIZING HIGH VOLTAGE AMPLIFIERS FOR PIEZOELECTRIC ACTUATORS
	P 24 RESONANT POWER CONVERTER FOR ULTRASONIC PIEZOELECTRIC CONVERTER
	P 25 EXPERIMENTAL ANALYSIS OF A NEW TYPE OF FLEXTENSIONAL ULTRASONIC PIEZOELECTRIC MOTOR
	P 26 ACTUATOR OF TYPE “A SHAKING BEAM”
	P 27 DRESSER WITH PIEZOELECTRIC ACTUATOR
	P 28 CONVERTER DESIGN AND CONTROL OF PIEZO-ELECTRIC MULTIACTUATOR SYSTEMS IN SLIDING MODE OPERATION
	P 29 APPLICATION OF PIEZOCERAMIC ULTRASONIC LINEAR MOTORS IN XY-LINEAR PRECISION STAGES
	P 83 LOW VOLTAGE PIEZOELECTRIC ACTUATOR WITH INTEGRATED STRAIN GAUGE – A NEW TECHNOLOGY FOR INDUSTRIAL AUTOMATION

	Micro Actuators/Microfluidics
	P 30 DRIVE MODAL ANALYSIS FOR THE HEAD ACTUATOR OF A HARD DISK DRIVE
	P 31 SIMULATION AND OPTIMIZATION OF RF MEMS SWITCH
	P 33 IMPACT OF MINIATURISATION TECHNOLOGIES ON THE STRUCTURE AND PERFORMANCES OF MICRO MOTOR FOR WATCHES APPLICATIONS
	P 34 PROBLEMS AND ISSUES IN THE DEVELOPMENT OF INEXPENSIVE HIGH-ASPECT-RATIO MEMS MECHANICAL LOGIC DEVICES FOR FUZE SAFETY AND ARMING
	P 36 A 3/2 NORMALLY CLOSED POLYMER PIEZOELECTRIC MICROVALVE WITH INTEGRATED MID ELECTRONICS FOR INDUSTRIAL AUTOMATION
	P 37 TWO-DIMENSIONAL ARRAY OF PIEZOSTACK ACTUATED NANOLITER DISPENSERS
	P 38 GENERATION OF NANOLITER DROPLETS WITH A PIEZOELECTRIC DROP-ON-DEMAND PUMP
	P 39 A MODULAR FLUIDIC DEMONSTRATOR FOR THE MATCH-X FRAMEWORK

	Magnetostrictive Actuators
	P 40 OBSERVATIONS OF DYNAMIC MAGNETIC STRUCTURES FROM TERFENOL-D SURFACES
	P 41 DESIGN PROCEDURES FOR OPTIMAL USE OF GIANT MAGNETOSTRICTIVE MATERIALS IN MAGNETOSTRICTIVE ACTUATOR APPLICATIONS
	P 42 MODELLING AND SIMULATION OF MAGNETOSTRICTIVE ACTUATORS
	P 43 NONLINEAR MODELLING AND PARAMETER IDENTIFICATION OF MAGNETOSTRICTIVE ACTUATORS BASED ON JILES-ATHERTON MODELS
	P 44 BASIC PROPERTIES OF MAGNETIC SHAPE MEMORY ACTUATORS

	ERF/MRF Actuators
	P 45 MEASUREMENT OF SEDIMENTATION STABILITY OF MAGNETORHEOLOGICAL FLUIDS
	P 46 THE RHEOLOGY OF ELECTRORHEOLOGICAL FLUIDS IN DYNAMIC SQUEEZE FLOW
	P 49 ADAPTIVE ROTARY DAMPER BASED ON MAGNETORHEOLOGICAL FLUID FOR AUTOMOTIVE APPLICATIONS
	P 82 ELECTRONICS AND MECHANICS – A BALANCE ACT IN ERF-APPLICATIONS

	Shape Memory Actuators
	P 51 ACTUATOR DEVELOPMENT USING A KNOWLEDGE BASE
	P 52 OPTIMAL DESIGN OF SHAPE MEMORY ALLOY WIRE BUNDLE ACTUATORS
	P 53 COMPARISON OF THE THERMOMECHANICAL BEHAVIOUR OF TWO KINDS OF TI-NI HELICAL SPRINGS

	Low-Power Electromagnetic Actuators
	P 54 DESIGN OF HIGH POWER DENSITY ELECTROMAGNETIC ACTUATORS FOR A PORTABLE BRAILLE DISPLAY
	P 55 DESIGN AND OPTIMIZATION OF ELECTROMAGNETIC ACTUATORS FOR MECHANICAL AND AUTOMOTIVE APPLICATIONS
	P 56 DYNAMIC SIMULATION OF ELECTROMAGNETIC ACTUATORS USING NETWORK MODELS INCLUDING EDDY CURRENTS
	P 57 SESAM – A SOFTWARE THAT SUPPORTS THE DESIGN PROCESS OF ELECTROMAGNETIC ACTUATORS
	P 58 A NEW TYPE SINGLE-PHASE PERMANENT-MAGNETIC STEPPER MOTOR
	P 59 COMPACT HOLLOW SHAFT ACTUATORS FOR PRECISE POSITIONING APPLICATIONS
	P 61 AMESIM® ELECTROMAGNETIC AND MICRO ACTUATORS LIBRARY
	P 62 SMART ACTUATOR FOR INTELLIGENT ELECTRICAL PARKING BRAKE SYSTEM - FUNCTIONALITY AND SAFETY, SYSTEM APPROACH

	Polymer Actuators
	P 63 THE POSSIBILITY OF ELECTRO-ACTIVE PAPERS AS ACTUATORS
	P 64 RAPID OPTICAL ACTUATOR USING THE PHASE TRANSITION OF A POLYMER CRYSTAL
	P 65 PERFORMANCES OF DIELECTRIC ELASTOMER PLANAR ACTUATORS

	Other Actuators
	P 66 COUPLING BETWEEN ACTIVE POLYMER GELS AND FIBRE STRUCTURES FOR TAILORED FUNCTIONALITY
	P 67 HIGH POWER ACTUATOR DRIVEN BY A HYDROGEN STORAGE LA-NIX FILM
	P 68 DEVELOPMENT OF HIGH-POWER ELECTROSTATIC LINEAR MOTOR FOR VACUUM ENVIRONMENT

	Aeronautical/Aerospace Applications
	P 70 DESIGN OF AN ADAPTIVE WINDTUNNEL MOCKUP WITH SHAPE MEMORY ACTUATORS
	P 71 ROBUST CONTROL METHOD FOR AIRCRAFT’S ELECTRO-HYDRAULIC SERVO-DRIVE
	P 73 MINIATURISED BIPOLAR ELECTROMAGNETIC ACTUATORS FOR SPACE APPLICATIONS

	Medical Applications
	P 75 CUTTING WITH FLEXIBLE ULTRASOUND TRANSMISSION FOR MINIMALLY INVASIVE SURGERY WITH BIOLOGICAL INSPIRATION

	Nanopositioning/Nanomanipulation
	P 76 NANO-LINEAR MOTOR BASED ON SELF-MOVING CELL CONCEPT
	P 77 NOVEL MICROMECHANICAL SCANNING DEVICE WITH LARGE VERTICAL POSITIONING RANGE
	P 78 AN OPEN LOOP CONTROL FOR PIEZOACTUATORS IN MICROPOSITIONING
	P 79 MINIATURISED MICRO-POSITIONING SYSTEM FOR LARGE DISPLACEMENTS AND LARGE FORCES BASED ON AN INCHWORM PLATFORM

	Vibration Control
	P 80 COMPLEX HYSTERESIS MODELING OF A BROAD CLASS OF HYSTERETIC ACTUATOR NONLINEARITIES



	List of Exhibitors
	List of Authors
	Annex



