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Nature has come to a range of advanced lightweight principles due to evolution. These principles can
serve as models for innovative concepts of technical constructions. A corresponding expansion of the
established procedure of lightweight designs to principles of nature leads to a variety of innovative light-
weight construction concepts, expanding the potential for highly effective constructions.

What is bionics /
biomimetics

Mimetic (piunoig (mimésis), ‘to imitate’) is de-
fined as copying or simulating movements, forms
and further characteristics in such a way that
biomimetics implies foremost the imitation of a
biological system. The term bionic contains the
greek syllable ‘bion’ [Biog) for ‘an independent,
individual organism’ and the English ending "-ics’
associated to 'science, art, study, knowledge of or
skillin’. In addition, the term bionics is alsc known
and used in the interdisciplinary field of biology
‘bic” and electrics -ics’ and describes the devel-
opment of electro-mechanic implants.

However, the international DIN 1SO standard ISO
18458:2015 "Biomimetics -- Terminology, con-
cepts and methodology” announces the term
“biomimetics” to describe the method and idea to
learn from nature for technically improvements
and developments. Nowadays, several products
have been developed and optimized inspired
by biological models and their principles: The
Velcro®-System, fluid repellent surfaces (e.g. Lo-
tus-Effect®) and even planes are probably the best
known and used biomimetic product examples.
Additionally in the automotive industry, besides
lightweight design improvements, cars have been
optimized in different other aspects. Examples for
these innovations are bumpers which are inspired
by nuts, streamlined shapes adopted from fishes
the car finish using the "butterfly-effect”.

But this is just the beginning of the biomimetic re-
naissance! With new manufacturing possibilities
such as additive manufacturing, advanced robot-
ics and composite materials many more hiological
effects are realizable. One good example is the

so called "Fin-Ray-Effect®”: Discovered, analyzed
and implemented - this is the way of working for
biomimetics - by Leif Kniese, this principle has
not just inspired products for grippers and robot-
ics but also the daily belongings like the normal
mop bucket [Vileda®).

Biomimetic is not just an upcoming trend; it has
been used successfully since decades and centu-
ries. Due to new technologies, today we have the
chance to learn from nature in a highly system-
atical way. Since a lot of biological information is
already available and with the abovementioned
opportunities of the new manufacturing technolo-
gies, this is one way té manage the rising pressure
to innovate.

2 Systematical lightweight design process

The basic procedure for the design of technical
lightweight structures is described by available
tools such as guidelines and design manuals. A
methodological technique for the design of struc-
tures is e.g. described in VDI guideline 2221 and
2222. When designing a lightweight and functional
structure, typically materials are substituted and
already existing constructions are changed and
optimized, thus saving time and development
costs. However, this approach leads to solutions
that are characterized by the initial structure and
have in consequence a low potential for innova-




tive, possibly more appropriate, solutions, which
are a prerequisite for significant improvements of
already existing technical solutions.
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To the development of good ideas with an innova-
tive problem solving character great importance
should be attached. Although the methodology is
well described [see Fig. 1], the conceptual design
(Step 2) for an entirely new and therefore unknown
lightweight solution is very difficult in the early
stages of development and takes about 30% of the
time of a complete development project. In addi-
tion, to the necessary basic idea of a new design,
the engineer faces the fact that lightweight struc-
tures can be solved for specific technical tasks
with very different geometries, materials and
construction methods. Since the possible combi-
nations of all variations are very numerous, their
evaluation is difficult at the outset.

In summary, it can be said that the established
process of constructing lightweight solutions in-
cludes the critical step of developing the concept,
which is currently mostly achieved through expe-
rience and through existing structures. The con-
trary exists in nature, where a huge knowledge
about the potentials and construction principles of
lightweight structures can be found. Nature can
serve as an endless source of inspiration for light-
weight constructions.

The VDI guideline 6220 for Bionics describes the
search for ideas in nature as a screening process
and identifies him as the central step on the way to
an invention. It is characteristic of this approach
that it is time-consuming and unsystematic. Spe-
cial expertise is required and limited access to
knowledge sources makes the conversion of bi-
onic methods difficult.

Hence, the established process of constructing
lightweight designs [Klein B., 2001) has to be
adapted for bionic lightweight solutions. The most
relevant step is the concept development, which
has to be extended for the entry of knowledge
about the biological lightweight models. For this
purpose there is an interaction required between
the engineer and another knowledge repaository,
which provides the construction, constructive
basic elements and load characteristics of bio-
logical models. An efficient interface is required
that allows the engineer to access the knowledge
of nature and to pick a suitable biological model.
Evaluation criteria that reflect the mechanical
behavior and the load characteristics of biological
construction methods should be present in the
knowledge storage (Maier, Schulz, & Thoben, Ver-
fahren zur funktionalen Ahnlichkeitssuche tech-
nischer Bauteile in 3D-Datenbanken, 2012).

In addition to the identification of an appropriate
biological model, the implementation of biological
principles to technical drafts must be clarified.
Biological models usually form overall, robust

CFK-Valley Stade Convention




i
W,
N

constructions, since the load cases in nature can
not be anticipated in general. The constraints de-
fined in a lightweight construction project are the
contrary - very accurately known - and require
specialized constructions, to ensure an optimal
lightweight solution. It is necessary to recognize
the operating principles behind the constructions
of nature to understand them. Only then a suitable
abstraction can be performed [Maier, Siegel, Tho-
ben, Niebuhr, & Hamm, 2013).
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Fig. 2 Systematic bionic tightweight design pro-
cess (Maier, Niebuhr, Hamm, & Thoben, 2015]

For the implementation of a systematic bionic
lightweight design process, the classical proce-
dure will be expanded (see Fig. 2). The step 2 is
supplemented with a knowledge repository, which
holds usable biological models for the engineer. A
similarity search based on active surfaces allows
the automatic detection of the respective most

~.Suitable biological modetl for any technical load. A

simple structure review with the help of a dimen-
sionless, lightweight-characteristic value extends
the knowledge store to an important function for
the evaluation of structures with regard to their
lightweight potential. The abstraction process of
natural building methods to technical lightweight
constructions is necessary for the transfer of
biological building methods (Step 4). It can be sys-
tematized by performing a combination of topol-
ogy optimization within the geometries of biologi-
cal models. Finally, the specialization of the bioin-
spired constructions to the technical loads can be
achieved by parametric optimization in step 5.

The extension of the classical design methodol-
ogy to the lightweight knowledge of nature allows
powerful, lightweight designs, which are charac-
terized by a high degree of innovation.
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