




















9.3 Basic piezo amplifier functions

1 Offset

potentiometer for manual setting of a DC-voltage
level to piezo. The amplifier can be used as an
autonomous power supply with a manual piezo-
voltage setting.

In addition, the DC-voltage level will be super-
imposed to the amplified external signal from
input (3)

Ampl
potentiometer for continuous variation of ampli-
fier’s gain factor for amplifying the external signal

(input (3))
Input

putting in an analogue signal from an external
source (function generator etc.)
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Fig. 9.3:
Front panel of a piezo power amplifier from LE product line

4 Monitor
low power signal output parallel to piezo voltage
pwer output (6).
For on-line real time monitoring the piezo-voltage
dynamics e.g. via an oscilloscope.
Reduction factor 1:100 or 1:1000.

5 LC-Display
slow response: used for near static read out e.g.
together with a manual piezo voltage
setting via “Offset”

6 Output plug
supply voltage for the piezo-actuator

Caution:
High voltage, high currents



Selecting a
proper actuator

Guideline:

The main pre-requisite for selecting suitable piezo components is the precise
definition of the needed operation profile by the user!

Any supplier of piezo-mechanical components will highly appreciate precise
specifications of the requested components beyond ”the system shall do as much
as possible”.

Putting concrete numbers on the needed piezo-parameters is helpful to avoid over-
sizing and mismatch. Poorly selected system components are ineffective and
therefore expensive (=> chap. 4).

Please try to analyze the needs for operating your mechanics successfully according to
the following:

A, what shift/stroke shall be achieved ?
B, what force variation shall be generated by the piezo action?
C, what static preload is acting on the actuator from the beginning?

D, what is the desired maximum operation frequency ?

E, what is the desired stroke at maximum frequency (D) ?

F, what is the desired max. frequency at maximum stroke (see A)?
G, shortest achievable rise-/fall-time ?

H, what external masses shall be attached to the actuator?

A, to C, allow an actuator selection for low dynamic operation according chapter 4.
D, to H, aims for the best match for the designated dynamic operation.

Selecting the amplifier The dynamic operation profile D, to H, defines the

The above selection process results in a piezo- needed current levels (Iyea @and oyerage) @ccording

actuator of distinct voltage range and electrical chapter 9.1.

capacitance. Only amplifiers with a matched voltage When the power consumption of the actuator

range should be considered for use. exceeds the Watt-range, self-heating of the piezo-

Do not use amplifiers providing higher voltage! ceramics can occur (=> chap. 6.1: heat manage-
ment).
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New trends

Beyond positioning

The very first application of stack-based piezo-
actuation was in (coherent) optics in the 1960’s to
1970’s as super-precise positioning drives for the
emerging laser technology and semi-conductor
industry. The other highlights like force generation
and high dynamic operation were not a focus, alt-
hough this has changed over time.

Currently, many new applications are aiming to use
the whole spectrum of excellent features offered by
piezo-actuation.

These new applications include:

- Piezo fuel injectors

- Motion control

- Vibration generation:
acoustical, structural excitation

- Hydraulic pumps

- Miniature machines (MEMS, NEMS)
etc.

11.1 Piezo action for material testing

Vibration generation by piezo

Component testing for reliability studies or material
characterization require well-defined stroke-/force-

generation profiles over a large number of cycles. A
high level of reproducibility is needed.

Common mechanical drives are then limited in their
repetition rates resulting in rather long test periods.
For distinct test procedures, piezo-actuators pro-
vide a remarkable advantage due to their ability to
cycle high frequency together with high reproduc-
ibility.

One interesting aspect is the upgrade of conventio-
nal test frames by adding a high frequency piezo-
drive. The conventional long stroke performance
can be superimposed by a high frequency fine
modulation (fig.11.1).

Piezo-mechanical arrangements have been success-
fully used for

- Fretting tests

- Super high cycle fatigue test

- Material testing of polymers

- High frequency vibration excitation, shaker

The frequency range of conventional electro-
magnetic shakers is usually limited to about 5 kHz.
Piezo-based shakers extend this upper frequency
limit towards >> 10 kHz.
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piezo power piston

test sample

L

Fig. 11.1: Schematic of conventional set-up for test engineering with
added high-load, long stroke piezo-actuator for extended operating
dynamics.

100 kHz excitation by small-scale elements is not
unusual to excite vibrations in miniature structures
for mode-analysis or studies on structural borne
acoustics.



11.1 Piezo action for material testing

Shock-generation by piezo

An alternative to high frequency harmonic excitation
of structures is the application of single pulses to
excite the natural frequencies of a mechanical
structure. By analyzing the decay of the excited
oscillation, the mechanical parameters of the
system can be analyzed.

Piezo-specific unique features are

® non-ballistic shock generation, mechanical
contact between shock-partners prior to shock
generation and transfer

® wide tuning range of acceleration levels
(100 m/sec? up to > 100.000 m/sec?

@ clectrical tuning of mechanical shock parameters
(e.g. amplitudes, rise-time)

@ single shot, bursts or continuous operations are
feasible

A kind of intermediate piezo-exciter between shaker
and shock-generator would be a so-called burst-
generator. A potential application is the simulation
of SRS (Shock Response Spectrum) in a pyro-tests
context.

From a technical point of view, shock generation is
an unusual driving mode of piezo stacks:

the electrical excitation is very short (< 10 psec)
compared to the acoustic transit time of sound
through the stack.

The propagating shock-front within the piezo-cera-
mic leads to a highly inhomogeneous mechanical
stress distribution, both in time and place. This con-
dition is usually strictly avoided in piezo-technology.
Special mechanical provisions for the shock-
generator design are needed to get a reliable config-
uration.

Notice:

Piezo shocks shall be distinguished from common
“fast acting” piezo-elements as used in fuel-injec-
tors: The electrical excitation time is sufficiently long
(about 100usec) compared to the transit time of
sound. The stack is mechanically excited below its
natural frequency, having a near homogeneous
stress distribution. A real shock actuation within a
fuel injector would result in a worsening of the injec-
tion balance due to ringing effects.

Calibration, quality control of accelerometers
APC International has supplied piezo-shocker
based test arrangements to industrial accelerometer
manufacturers since 2006.

The basic configurations of suitable arrangements
have been published by APC International in 2006
including the description of the non-ballistic
Hopkinson-bar excitation (=> fig. 11.2).

Material testing with high strain rates can be carried
out with higher repetition rates in so-called split
Hopkinson-Bar arrangements.

Piezo-shock-generation is now in practical use at
calibration services.

piezo-stack LDA Spot

shock accelero-
meter

||l»g

Hopkinson-bar
Electric cu||-’|r\ént
g\?v‘l’;’glf] pulse strain gages
i
]
HPe e
trigger
signal
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Fig. 11.2: Hopkinson-Bar arrangement for sensor-testing by
non-ballistic piezo-shock-generation.
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- 11.2 Motion control

Motion control is a general expression for all kinds
of motion generation according distinct defined cri-

teria, usually done in a feed-back controlled system.

A special field in this context is active vibration con-
trol with:

Active vibration generation

Active vibration cancellation

Active vibration isolation
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Adaptronics, morphing

Piezo-mechanical components are used for dyna-
mic active shaping of functional profiles like adapti-
ve wings, adaptive rotors, adaptive optics, adaptive
frame structures.



11.3 Electrical energy generation

The following applications of piezo-elements are not part of APC International’s
program. Disregarding this obvious fact, a lot of inquiries are coming in looking for:

- force transducers, accelerometers
- energy harvesting (energy scavenging)
- piezo transformers

Therefore a few statements shall be made to discriminate piezo-fantasy from piezo-

reality.

The original piezo-electric effect is a generator
effect converting a mechanical force input into an
electrical charge.

It is also true that this electro-mechanical conver-
sion is bi-directional:

Piezo-mechanics and piezo-electricity
Piezo-actuators exhibit the piezo-electric generator-
effect, while they are not specially adapted to this
kind of use.

Nevertheless a few hints shall be given:

® the conversion efficiency is related to the
g-constants shown in the PZT-material data
tables

® PZT ceramics shows to some extent “ageing”,
meaning a long-term reduction of the conversion
efficiency due to de-poling. This is important for
the generator effect, but is not relevant for actua-
tion.

® Force transducers etc.

For quantitative measurements single crystalline
materials are used like quartz. For high temperature
application the more effective GaPQ, is used.
Polycrystalline PZT is a low cost alternative, when a
compromise in measurement quality is acceptable.
The main advantage of PZT is the much higher
generator-efficiency that makes signal detection
easier.Usually, force measurements are done by
determining the quantity of generated electrical
charge, not the induced voltages.

® Energy harvesting, energy scavenging

One cubic-centimeter (cm3) of PZT-material delivers
a few milliWattseconds (10 Ws) energy per cycle
even under high mechanical loading. From this fact,
it is easily seen that gluing a few piezo-elements
into the countryside and squeezing them from time
to time will not solve the world’s energy problems.

Electrical power-generation by piezo depends main-
ly on cycling frequency. To achieve the order of
Watts, cycling frequencies in at least the kilohertz-
range are needed.

Serious projects dealing with piezo-based genera-
tors are talking about “micro-energy-harvesting “
Applications are autonomously operated arrange-
ments with very small power consumption e.g. for
information transfer, sensor units for environmental
parameters and toys.
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- 11.3 Electrical energy generation

® Piezo transformers

A perfect example of the bi-directional piezo-effect
is a piezo-transformer.

The energy coupling between input and output is
done by mechanical coupling avoiding e.g. mag-
netic fields from inductive elements.

Fig. 11.3 shows a demo-arrangement, based on
piezo-stack’s di; effect.

Two stacks are mounted into a rigid frame.

Stack 1 shows a common multilayer design with a
small layer-thickness “d” for low voltage actuation.
The second “stack” consists only of one thick layer
"D”.
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Fig. 11.3: schematic of an axial ds; transformer arrangement

Resonant transformers need some care for opti-
mum operation:

The input signal frequency needs to be matched
exactly to transformer’s resonance. Any power
extraction from the transformer is a kind of
damping, leading to a detuning of the resonance
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Expansion of stack 1 by a low voltage signal input
squeezes stack 2 and generates a distinct electrical
charge. The big “D” converts it into a high voltage
output. This scheme works non-resonantly from
cycle to cycle. The cycle frequency determines the
average power generation.

Notice: the transformer ratio U;,/U.: is more compli-
cated than the d/D ratio suggests!

Piezo-transformers in practice:

In practice, resonating systems are used. This iner-
tia-based operation avoids the mounting into a
mechanical framework. Efficient resonant operation
requires hard ultrasound PZT-ceramics with a high
quality factor (=> chap. 8).

Typical piezo-transformers use resonances in the
range of >>20 kHz up to Megahertz. Power trans-
fers are typically in the Watt-range. This demonstra-
tes again, that power generation by piezo is mainly
a matter of frequency.

PZT-ceramic

signal (LV)
in

electrodes

7
)

electrode

Fig. 11.4: Monolithic high voltage piezo transformer (Rosen-
type) for voltage > 10 kV

Mechanical dss-ds; coupling. Low voltage signal input via d,
high voltage generation by the resonating L

frequency. Some kind of compensation circuitry is
needed to get stable power efficiency.

The main advantage of piezo-transformers is their
slim design and the absence of magnetic fields.

E.g. they are used within laptop-computers for ignit-
ing the background illumination of the LCD screen.








