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Learning from nature:

Metaklett, a steely hook and loop fastener
Hook and loop fasteners have become commonplace features of both industry and
households. However, they have one snag: they are too weak for many applications.
Hook and loop fasteners made of spring steel have now been developed at the Institute
of Metal Forming and Casting of the Technische Universität München. These fasteners
are resistant to chemicals and can withstand a tensile load of up to 35 tonnes per
square meter at temperatures as high as 800°C.
Over 60 years ago when the Swiss engineer and inventor George de Mestral was
painstakingly removing burrs from his dog’s coat after a hunting excursion, he stumbled on
an ingenious idea. Based on the model he had observed in nature, he constructed a fastener
from numerous small hooks and loops, which he subsequently named “velcro." “The
unbeatable advantage of a hook and loop fastener is that it is easy to close and open again,”
explains Josef Mair, a scientist from the Institute of Metal Forming and Casting (utg) at the TU
München. Because of this, the hook and loop principle is put to a very wide range of uses,
e.g. as an alternative to shoe laces, to secure medical bandages and prostheses, and for the
cable boots used in automotive and aviation electronics.
Unfortunately, standard synthetic hook and loop fasteners are not very resistant to heat and
aggressive chemicals. “Things can get very hot, for example, in the automotive sector. A car
parked in direct sunlight can reach temperatures of 80 °C, and temperatures of several
hundred degrees centigrade can arise around the exhaust manifold. Aggressive disinfectants
are used for cleaning purposes in hospitals, and traditional hook, and loop fasteners are too
weak for use in the construction of building façades,” explains Mair. Under the leadership of
Professor Hartmut Hoffmann and as part of a joint project launched in 2005 with the Federal
Ministry of Education and Research (BMBF) in close cooperation with partners from industry,
the utg has developed a solution to this problem: the result is Metaklett, the hook and loop
fastener made of steel.
Temperatures in excess of 800 °C and aggressive chemical solutions do not pose any
problem for Metaklett, which also offers adhesive strength of up to 35 tonnes per square
meter when tensile force is applied parallel to the fastener surface. When it is applied
perpendicular to the fastener surface, Metaklett can still withstand a force of seven tonnes per
square meter. Moreover, like a standard Velcro® fastener on a child’s shoe, it can be opened
and closed again without the help of any tools.
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The researchers opted to use spring steel, which unites high ductility with high strength, as
the material for their fastener. They created various three-dimensional models for the
optimum interlocking of the fastener elements on the computer. They then built the most
promising candidates as prototypes and subjected them to comprehensive tests. Around 40
variations of the geometry referred to as “Flamingo” alone were tested on the computer. The
researchers studied its adhesive strength and reaction to extreme temperatures to establish
the limits of its resilience.
Two of the tested models ultimately made the grade: a spring lock, the Flamingo, and a hook
and loop system known as the “Entenknopf” (“duck’s head”). Both consist of 0.2-mm-thick
hook tape and loop or perforated tape of the same thickness. The “duck’s head” model is
based on the traditional synthetic hook and loop system. Numerous delicate steel hooks can
attach at any angle to the loops in the perforated metal loop tape.
The second variant, the Flamingo, is even more stable. It consists of wider hook elements that
snap into the openings in a perforated tape. They are bent in such a way that they deform
elastically under light pressure and glide into the holes like the synthetic buckles on backpack
straps. Once inserted, they return immediately to their original form and, thanks to their
sprung splaying arms, they resist back pull like an expanding rivet.
In order for the hooks to be able to snap into place, they must first, however, be positioned at
the correct angle, that is parallel or perpendicular to the perforated tape. Depending on the
direction of the applied force, this fastener can withstand a load of 7 to 35 Newtons per
square meter. Following an initial loss of around 20 percent during the first ten tests, the
adhesive strength remained constant in the numerous repetitions.
“The animal names arose as a way of differentiating between the multifaceted models. The
hook forms of the two systems are vaguely reminiscent of a duck’s head and a flamingo
standing on one leg,” explains Mr. Mair. The scientists have also come up with a third
alternative, the “hybrid” model which combines a steel hook tape with a synthetic loop tape
and is suitable for the secure and reversible fastening of textiles.
Metaklett is basically suitable for use in all areas that require easily opened but stable
fasteners, for example air-conditioning and ventilation systems in building services
engineering and automotive construction. As the Jury of the German Stahl-Innovationspreis
(Steel Innovation Award) noted in its appraisal of the project: “Metaklett is suitable for a wide
variety of applications, in which the combination of simple production and a high level of
resilience in the fastener is crucial.” The metal hook and loop fastener succeeded in
overcoming over 100 competing projects on June 30, 2009, to take third place in this award
process, which only takes place every three years.
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Link:
MetaKlett-Website: http://www.metaklett.de (German)
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Technische Universität München (TUM) is one of Germany’s leading universities. It has roughly 420 professors, 6,500
academic and non-academic staff (including those at the university hospital “Rechts der Isar”), and 23,000 students. It
focuses on the engineering sciences, natural sciences, life sciences, medicine, and economic sciences. After winning
numerous awards, it was selected as an “Elite University” in 2006 by the Science Council (Wissenschaftsrat) and the
German Research Foundation (DFG). The university’s global network includes an outpost in Singapore. TUM is
dedicated to the ideal of a top-level research based entrepreneurial university. http://www.tum.de
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