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In search of speed
In ski sports, it’s often only a second that separates the winners from
the losers. Using equipment made of the right materials can therefore
make all the difference. Researchers are simulating the  gliding effects
that occur when skis travel over snow – and creating super fast skis.

Staying safe in snow
Many people dream of skiing off piste in deep virgin snow. But their
dream would rapidly turn into a nightmare if they were to set off a slab
avalanche. Researchers have now developed a remote triggering 
system for avalanche airbags.

No-sweat pressure sensors
Microelectronic chips used to take pressure readings are very delicate.
A new technology has been developed that makes pressure sensors
more robust, enabling them to continue operating normally at 
temperatures up to 250 degrees Celsius. 

Sniffing out terrorists
A new intelligent system has been developed to help identify terrorists
carrying explosives. Sensitive electronic noses capture the smell of the
explosives; the system processes the acquired data, correlates it with
individuals’ movements … and ultimately tracks down the suspects. 

Heat-resistant adhesive for building work
The “Parasols” in Seville feature components that are designed to be
glued instead of bolted together. To prevent the adhesive from mel-
ting, it needs to withstand temperatures of up to 60 degrees. Resear-
chers have optimized the adhesive's resistance to high temperatures.

Novel zoom objective with deformable mirrors
Unmanned aerial vehicles UAVs deployed on landscape analysis 
missions carry optical measuring equipment that is required to operate
free of chromatic aberration. Researchers have now designed an all-
reflective zoom objective with deformable mirrors.

Ozone detection
Researchers in Freiburg have developed a highly-sensitive, miniaturized
mobile ozone sensor which can be used not only in air, but also in
water and in the vicinity of explosive gases.
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A transponder on the skier’s leg measures their precise
speed, allowing the researchers to establish which wax
makes the skis go faster.
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In search of speed
You couldn’t have asked for a better day for a competition. It’s minus
five degrees, the sun’s shining and there’s not a breath of wind. The
snow’s perfect and the biathlete’s in top form. He’s one of the best –
he can win the race. Often there’s only a few thousandths of a second
between the victor and the vanquished, so the gliding ability of his skis
is very important. And this depends on several factors, not least
whether the wax mixture he’s applied suits the particular type of snow.

Anyone looking for optimal ski performance must first understand the
laws of friction. That is why wax and ski coating manufacturers are
counting on the expertise of  researchers at the Fraunhofer Institute for
Mechanics of Materials IWM in Freiburg. The scientists have been
studying the gliding ability of skis and know how to make ski athletes
go like the wind. Prof. Dr. Matthias Scherge, Head of the new Mi-
crotrobilogy Center in Karlsruhe, says: »The snow, the ski coating and
the wax that is applied all unite to form a single entity. We can’t alter
the snow, but we can adapt both the wax and the coating to suit par-
ticular snow conditions.« The researchers use a special technique to
analyze the friction and gliding effects; they simulate the contact 
between a single snow crystal and the coating with the aid of a test
rig, and then measure the coefficient of friction in relation to tempera-
ture. »It’s the first 10 to 15 nanometers of the coating surface that 
determine the gliding effects,« explains Scherge. And they have anoth-
er item of equipment in their armory as well: a ski tribometer. Here, a
small section of ski travels in a circle over a snow-covered disc, allow-
ing the researchers to test different combinations of waxes and coat-
ings and ascertain the optimum combinations for specific conditions
such as temperature. The ultimate test is then conducted in the ski
hall, where biathletes perform glide tests on a hundred-meter test run
with a defined gradient. Their times are measured with the aid of a
leg-mounted transponder, which guarantees split-second accuracy;
this enables the researchers to establish how many thousandths of a
second can be shaved off their times by the right combination of ski
coating and wax.

The researchers are working with Holmenkol and other partners to 
develop novel waxes and super fast coatings. Scherge says: »We’ve
talked with athletes and also with the technicians who wax their skis
prior to every competition. It’s only with their knowledge and experi-
ence that we’ll be able to create skis that glide perfectly.«
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Two airbags stowed in a backpack give a skier good buoy-
ancy and help protect them in the event of an avalanche.
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Staying safe in the snow
The inviting expanse of shimmering snow contrasts with the benign
blue sky above. The ski instructor briefly goes over the planned run, his
first charge glides off into the distance … and sets off a slab
avalanche. The group all look on helplessly as their friend is buried
under a wall of snow. Bernhard Budaker of the Fraunhofer Institute for
Manufacturing Engineering and Automation IPA knows this kind of
scenario is all too common. But researchers at the Institute recently de-
veloped a new avalanche airbag system for ABS Peter Aschauer
GmbH, in which an electronic unit ensures a ski instructor or friend of
any similarly hapless individual can remotely trigger the airbag stowed
in their backpack. The product went on sale in December 2009.
Avalanche airbags have been in use for over a quarter of a century. A
simple tug on the  activation handle will inflate two airbags stowed in
a backpack. The massive extra volume they create gives the body addi-
tional buoyancy – the skier is no longer buried under the snow.

To date, however, the problem has always been that skiers have had to
activate the airbag inflation system themselves. »If skiers fail to notice
in time that they’ve set off an avalanche, the airbag won’t help them,«
says Budaker. But now the IPA group manager and his team have re-
placed ABS’s manual activation unit with an electronic system, and fit-
ted a new trigger: »We’ve redesigned the activation handle to incorpo-
rate a number of electronic components, so airbag inflation can be
initiated by other members of a skiing party as well. It will be perfectly
easy to retrofit all the old-style backpacks with the new system.«
When the traditional activation handle is pulled, it creates a pressure
wave in the tube, which punctures a gas cartridge and causes the
airbags to inflate. In the new system, a pyrotechnic element is used to
ignite the gas cartridge. As Budaker explains, the electronic solution
offers the advantage of allowing all the airbags carried by a particular
skiing party to be networked: »We transmit on 868 and 915 Mega-
hertz. The optical application programming interface permits specific
groups to be defined. Group members simply need to touch all their
handles together for them to become a unit.« One option is for the ski
instructor to be designated the »master«, his charges the »slaves« – in
this case, only the master can trigger the others’ airbags. Alternatively,
all members of the group can be designated masters and help each
other in an emergency. The activation signal currently has a range of
between 350 and 500 meters, but this distance can be extended,
given that every group member effectively acts as a relay station – as
each trigger handle passes on the signal.
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The new pressure sensor works at temperatures of up to
250 degrees Celsius.
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No-sweat pressure sensors 
The drill bit gradually burrows deeper into the earth, working its way
through the rock. Meanwhile, dozens of sensors are busily engaged in
tasks such as taking pressure readings and evaluating porosity. The
conditions they face are extreme, with the sensors being required to
withstand high temperatures and pressures as well as shocks and vi-
brations. The sensors send the data to the surface to help geologists
with work such as searching for oil deposits. 

Yet there is one major hurdle: on average, the pressure sensors can
only withstand temperatures of between 80 and 125 degrees Celsius –
but at great depths the temperature is often significantly higher. The
Fraunhofer Institute for Microelectronic Circuits and Systems IMS in
Duisburg has come to the rescue, its researchers having developed a
pressure sensor system that continues to function normally even at
250 degrees Celsius. »The pressure sensors consist of two components
that are located on a microelectronic chip or wafer,« explains Dr. Hoc
Khiem Trieu, department head at IMS. »The first component is the sen-
sor itself, and the other component is the EEPROM.« This is the ele-
ment that stores all the readings together with the data required for
calibration. To enable the pressure sensor to function properly even at
extremely high temperatures, the developers modified the wafer.
While normal wafers tend to be made of monocrystalline silicon, the
researchers chose silicon oxide for this application. »The additional
oxide layer provides better electrical insulation,« Trieu continues. »It
prevents the leakage current that typically occurs at very high tempera-
tures, which is the principal reason that conventional sensors fail when
they reach a certain temperature.« The oxide layer enabled the re-
searchers to improve the insulation of the memory component by
three to four orders of magnitude. In theory, this should enable the
pressure sensors to withstand temperatures of up to 350 degrees Cel-
sius – the researchers have provided practical proof of stability up to
250 degrees and are planning to conduct further studies at higher
temperatures. In addition, the researchers are analyzing the prototypes
of the pressure sensors in endurance tests. 

There is a broad range of potential applications, with engineers hoping
to use the high-temperature pressure sensors not only in the petro-
chemical environment, but also in automobile engines and geothermal
applications.
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Sniffing out terrorists
Literally hundreds of people are hurrying through the long airport 
corridor between Terminals A and B. Among them are two terrorists,
who’ve hidden themselves in the crowd. They’re carrying small con-
tainers of chemicals in their jacket pockets, individual components for
an explosive. But there’s something the criminals don’t know. As well
as being observed by security cameras, they’re also being “sniffed out”
by chemical noses hidden in the corridor wall. The smell sensors sound
the alarm when the terrorists walk past, alerting an airport security
guard who notes the problem on his monitoring equipment. At this
point in time, he can’t tell precisely who is carrying hazardous chemi-
cals – but he knows the sensor network will continue to “sniff out”
and track down the suspects. 

Researchers at the Fraunhofer Institute for Communication, Informa-
tion Processing and Ergonomics FKIE in Wachtberg have built a proto-
type security system to replicate just such a scenario. They’ve named it
HAMLeT, which stands for Hazardous Material Localization and Person
Tracking. “HAMLeT will alert security personnel to suspicious individu-
als,” says head of department Dr. Wolfgang Koch from the FKIE. The
system involves a network of highly-sensitive smell sensors which fol-
low an explosive’s trail. There are oscillating crystals on the sensor
chips, and whenever the electronic noses capture chemical molecules,
their oscillation frequency changes. The precise nature of the change is
different for different substances. A further component in the system –
the sensor’s data fusion function – traces the explosive’s path and fer-
rets out the carrier. A second sensor network is needed to track the
route the individual takes; for this, the researchers have used laser
scanners. “HAMLeT’s real achievement is its ability to collate all the
data and convert it into a clear and accurate overall picture,” says
Koch. The sensor data fusion process employs complex algorithms
which allow HAMLeT to build up a precise image of pedestrian flows
and connect a particular smell with a specific individual.

In a trial involving the German Armed Forces, researchers at the FKIE
proved the system’s ability to track down five “terrorists” carrying hid-
den explosives. The scientists are now working to refine the proto-
type’s algorithms in order to reduce the false alarm rate.
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The mushroom-shaped “Parasols” currently under 
construction in Seville feature components that are 
designed to be glued instead of bolted together. 
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Heat-resistant adhesive for building work
The Metropol Parasols will be the new centerpiece of Plaza de la Encar-
nación in Seville. As well as being an eye-catching work of art, the
mushroom-like structures are also playing host to some pioneering
construction techniques, with even the load-bearing structural compo-
nents consisting of finely-wrought laminated veneer lumber beams.
With mechanical joining methods ruled out for structural reasons, the
beams are instead joined together by means of glued-in threaded rods.
However, the high temperatures and relentless sunshine of a typical
Seville summer could pose a significant challenge to the adhesive, in
the worse-case it loses its ability to hold the components together. 

The type of adhesive used in Seville is designed to withstand tempera-
tures of up to 60 degrees, so researchers from the Fraunhofer Institute
for Wood Research WKI have been working on behalf of the building
inspection authorities to determine how close the thermal load is likely
to come to this limit. “We ascertained the temperatures that might
occur at the site and used simulations to determine the temperature
this would trigger within the construction materials,” explains Dirk
Kruse, head of department at WKI. “Our results revealed that the tem-
peratures in the adhesive could potentially reach almost 60 degrees,
which is obviously too close to the limit for comfort.” Subsequent tests
carried out on three specimen components in a climate chamber con-
firmed their findings, giving rise to a stark choice: either the adhesive
would have to be improved, or the building inspection authorities
would be forced to bring building work to a halt. Fortunately, there is a
method of improving the adhesive's resistance to high temperatures,
namely by “tempering” the structural components: “Once the compo-
nents have been glued in place, they are heated up again,” Kruse con-
tinues. “This causes post-curing reactions to occur.” And the result?
The adhesive is less likely to take on a liquid form and maintains its sta-
bility up to a temperature of 70 degrees. This gives a safety margin
over and above the thermal stress that is actually expected to occur,
which means that the building work can now be continued as planned
and Seville will soon be featuring a brand new landmark. 

“These are the kinds of solutions that will help to firmly anchor adhe-
sive technology within the building industry,” Kruse states. While ad-
hesive bonding is widely used in the aircraft industry, the use of adhe-
sion for structural applications in the building industry is still in its
infancy. Yet the method opens up a whole new wealth of possibilities
for architects.
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A novel lens system produces images free from chromatic
aberration in various spectral ranges.
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Novel zoom objective with deformable mirrors
An small unmanned aerial vehicle (UAV) circles above the ground, cap-
turing the typical green of a coniferous forest or the radiated heat
from a town. The objectives in its on-board measuring equipment
must function free of chromatic aberration across a wide spectral
range – from the ultraviolet region through the visible band and right
up to the near and medium infrared range. In such a scenario, conven-
tional lens systems comprised of several lens elements are of limited
use: when required to image a wide spectral range, the image quality
drops – the image suffers from color fringing and becomes blurred.
Traditionally, specific lenses have been used for each different spectral
band. However, the difficulty is that UAVs can only carry a limited
amount of weight.

Researchers from the Fraunhofer Institute for Photonic Microsystems
IPMS are currently working to make it possible to capture images free
from chromatic aberration in a number of spectral ranges using a sin-
gle system. This would have the advantage of prolonging the battery’s
life and increasing the aircraft’s endurance. Group manager Dr. Hein-
rich Grüger of the IPMS says: “We’ve come up with a design for a new
objective in which we’ve used mirrors instead of standard lens ele-
ments.” The objective is comprised of four mirrors, carefully arranged
to avoid obscuration – this produces a higher-contrast image. Two de-
formable mirrors take care of the triple zoom range – with no loss of
image quality. The new design eliminates the need for elaborate me-
chanical guides within the lens barrel.

Grüger believes the new objective is potentially highly marketable:
“Both the automation technology sector and the automobile and
equipment engineering sector would profit from this type of objec-
tive.” Suitable deformable mirrors will have to be created – conven-
tional optical mirrors are rigid. Grüger says: “For the zoom function,
we need mirrors that will permit flexible actuator control of the radius
of curvature.” Although IPMS scientists have already developed de-
formable mirrors, they have not yet managed to achieve the size and
degree of variability required for the mirror zoom objective. Optical
simulations have shown that the mirrors would need to be at least 12
millimeters in diameter in order to produce a zoom objective with a
sufficient f-number. Nevertheless, the researchers have already been
able to demonstrate the optical performance of the objective: they
built three identical setups with three different focal lengths in which
the deformable mirrors were replaced by conventional rigid mirrors.
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Ozone detection
The Fraunhofer Institute for Applied Solid State Physics IAF in Freiburg
is developing improved chemical sensors that are not prohibitively ex-
pensive. One particularly important area of application involves the
regular measurement of ozone content in air and other media. This
gas is a powerful oxidizing agent and can cause a wide range of symp-
toms in humans, including lacrimation, irritation of the mucous mem-
branes in the mouth, throat, and bronchial tubes, headaches, cough-
ing and even deterioration in lung function. The main sources of ozone
pollution are industrial and transport emissions; particularly in warmer
weather, these react with intensive UV radiation to form ground-level
ozone. But laser printers and copiers, machines so prevalent in mod-
ern-day offices, can also emit ozone. The European Commission has
announced its intention to cut the guideline value for ozone in the air
from the current level of 90 parts per billion to 60 parts per billion by
2010, and when this new regulation comes into force, there will be an
increased demand for inexpensive ozone sensors. But as project man-
ager Dr. Volker Cimalla of the IAF explains: “Since ozone is, at the
same time, an agent with high application potential, novel sensors are
required, which have to be compact and affordable.” Sensors are es-
sential equipment in industrial settings such as wastewater treatment
facilities and water sterilization units, where they are used to monitor
the ozone concentration – firstly to ensure the required concentration
for the relevant application is maintained, and secondly to guard
against exceeding hazardous thresholds for humans.

Project manager Cimalla says: “The ozone sensors currently available
on the market employ extremely laborious and complex measuring
procedures such as UV absorption and are therefore very expensive. By
contrast, the more affordable ozone sensors have to be heated up to
300 degrees Celsius and produce inaccurate readings or only work in
limited areas of application. We’ve done away with the need for heat-
ing by instead applying blue/violet light radiation to trigger the chemi-
cal process necessary for regeneration on the sensor surface – this al-
lows the sensors to operate at room temperature.” The scientists built
on the existing knowledge that molecules absorbed on the surface of
a sensing layer alter its electrical resistance – and can also be removed
again by light irradiation. The result is a highly-sensitive, miniaturized
sensor capable of measuring the low ozone levels that occur in envi-
ronmental and ambient air monitoring just as accurately as the high
levels associated with industrial process control. And since the sensor is
extremely small, it can even be integrated into mobile equipment.
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