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Looking inside materials the smart way

Aircraft, trains, and power plants have to be inspected regularly. Detecting
damage too late could pose safety risks, and time-consuming repair work
results in expensive downtimes. Researchers at Fraunhofer IZFP are mak-
ing complicated testing work easier with the sensor and inspection system
BD-Smartlnspect.

The condition of safety-critical objects - tur-
bines, generators or high-pressure Contain¬
ers, for example - have to be examined
regularly. This has previously been per-
formed manually. To this end, the inspec-
tors check the entire surface using a sensor
device - a task that requires a lengthy train-
ing process and a great deal of experience.
But even then, inspectors may miss a spot.

Recording 100 percent of the data

Researchers at the Fraunhofer Institute for
Nondestructive Testing IZFP have, in "3D-
Smartlnspect - Intelligence in Inspection
and Quality Control", developed an inspec¬
tion system that supports inspectors in their
difficult task. The system shows at a glance
which points have already been measured
and what the result of the measurement
was, and then generates a log that is avail-
able immediately in digital form. The in¬
spectors can wear augmented reality (AR)
glasses, though the system works with a
fablet PC or a smartphone too. The em-
ployee can view the object to be examined
- let's take the high-pressure Container
again - through the glasses. As the inspec¬
tors run the sensor over the object, the cor-
responding area on the glasses' display
changes to green while the rest of the Con¬
tainer retains its original color. This assures
inspectors that they have examined every
inch of the object. At the same time, the
system constantly verifies that the sensor
data has been recorded correctly. Once all
data has been acquired, inspectors can see
the results immediately. Areas with any kind
of a defect - a cavity where it does not be-
long, or corrosion - appear red on the dis¬
play. Inspectors can immediately indicate
where the repair team needs to intervene,
either by using chalk on the actual object
or via digital means. Control center experts
can also examine all the data as soon as it
has been collected and can decide immedi¬
ately how urgently the repair needs to be
carried out.
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AR system for manual or robot-supported
testing of devlces or large surfaces.
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Digital testing memory

Generating a test protocol will also be
much simpler. Currently, inspectors have to
laboriously document their work and then
ailocate the data to the object measured -
a method prone to errors. With 3D-Smart-
Inspect, data is automatically and clearly as-
signed to the object and writing a protocol
is unnecessary. Digital approaches such as
these offer enormous economic advantages
because they significantly reduce - if not
completely eliminate - downtimes. Another
advantage is that the use of 3D-Smart-
Inspect would, in the future, allow less ex-
perienced inspectors to carry out the com-
plex measurements by themselves, and
would also significantly reduce the training
time required. The Saarbrücken-based
researchers already presented an initial
prototype of 3D-Smartlnspect at this year's
Hannover Messe trade fair.
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Power without a plug. Fraunhofer
/PMS, as part of the CONSIVA re-
search project, is developing small,
long-lasting energy harvesters for
self-sustaining microsystems.
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Micro-power plants: the energy
harvesters from Fraunhofer IPMS
can generate energy for difficult-
to-access systems in a small space.
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Micro-energy harvester for self-sustaining,
integrated chip systems

Fraunhofer IPMS is starting the two-year CONSIVA research project focus-
ing on the development of micro-energy harvesters for self-sustaining,
integrated chip systems. The use of novel piezoelectric materials in vibra-
tion-based harvesters can drastically reduce their size and significantly
prolong operation time, This paves the way for the use of previously
unachievable medical implants and ever smaller wireless sensor systems.
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Many areas of life today already depend on
the reliable, fully automated operation of
miniaturized systems. For example, secure
operation of sensor systems in industrial fa-
cilities is essential for timely fault analysis.
In the future, the networking of complex
devlces, most of which have been previous¬
ly powered via electrical lines or batteries,
will play an even greater role. Because
these concepts can only be used to a limit¬
ed extent for site-independent networks or
poorly accessible sensor positions, technolo-
gy developments such as energy harvesting
are urgently needed to provide an alterna¬
tive energy supply.

Vibration-based harvesters -
self-sustaining energy supply thanks
to piezoelectric materials

Energy harvesters can supply self-sustaining
microsystems by collecting small amounts
of energy from sources such as ambient
temperature, light Irradiation, or Vibration.
Vibration-based harvesters, in particular,
convert existing kinetic energy from the en-
vironment into electrical energy. Piezoelec¬
tric materials are especially suitable for the
development of vibration-based harvesters
by the direct mechanical-electrical conver-
sion principle.

In the CONSIVA research project, the piezo¬
electric coefficient and the application
Potential of thin layers of hafnium dioxide
will be evaluated at the Fraunhofer IPMS-
Center Nanoelectronic Technologies (CNT)
in Dresden. This material has ferroelectric
and therefore piezoelectric properties and is
qualified in microelectronics. Due to its high
dielectric constant, it is already used in
modern field-effect transistors.

In addition to the material development
and the electromechanical characterization
of active test structures, a harvester layout
adapted to hafnium dioxide by means of
simulations is to be conceptualized at the
CNT. On the basis of these designs,
Fraunhofer scientists want to illustrate new,
concrete application scenarios for micro-en-
ergy harvesting. „Over the past few years,
we have been abie to gain extensive experi¬
ence with the manufacturing, Integration,
and optimization of ferroelectric hafnium
dioxide for the most up-to-date storage
applications. We see great potential to suc-
cessfully use these experiences, especially
in the field of energy harvesting. Thanks to
these novel piezoelectric materials, we
can decisively advance the miniaturization
of vibration-based harvesters," explains
Dr. Wenke Weinreich, group leader at
Fraunhofer IPMS-CNT.

Self-sustaining microsystems have
potential in a wide ränge of
applications

The main fields of application for self-sus¬
taining microsystems are found in medical
and wireless sensor technology. The find-
ings from the Implementation of micro-
energy harvesting technology can also be
transferred to other fields of application in
the Internet of Things.

The project is funded by the Development
Bank of Saxony.
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