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Innovation potential has a leveraging effect

4

Prof. Dr Andreas Pinkwart

Minister of Economic Affairs,

Innovation, Digitalisation
and Energy of
North Rhine-Westphalia

INNOVATIONS MADE IN NRW

Dear readers,

North Rhine-Westphalia is one of the world's leading industrial loca-
tions. Our federal state is not only home to many ‘hidden champions’
and companies with a global ambit, but is also a top-level, state-of-the-
art location for high-tech and R&D. It has the highest density of univer-
sities anywhere in Europe.

Sciences and the economy are traditionally closely networked here.
North Rhine-Westphalia thus has the best conditions in place for our
goal of becoming Germany'’s top location for innovations in mechanical
engineering and plant construction.

The development of new materials, for lightweight design in particular,
is a key factor in ensuring the competitiveness of our mechanical engi-
neering and plant construction industry, and offers genuine added
value. Lightweight design makes products better, and saves resources
and costs. It offers huge potential for innovation, and has a leverage
effect that radiates into other sectors.

North Rhine-Westphalia is already well positioned when it comes to
lightweight design. If we want to expand our competitiveness still fur-
ther, our businesses must think and act beyond sector and material
boundaries. The power of innovation in lightweight design can bolster
NRW as a location, as long as our businesses seize the opportunities
that are offered. It is up to the state’'s policy-makers to create the nec-
essary room for individual initiative and innovations. This something
that we are working on, every day.

In its magazine “Innovations made in NRW", the state cluster Produk-
tionNRW illustrates some highly promising approaches to all aspects
of lightweight design, highlighting in the process the innovative skills
and power of performance offered by lightweight design, and offering
important stimuli for new applications and concepts that cross sector
boundaries.

)
hilore v

Yours,
Prof. Dr Andreas Pinkwart
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Networking: The dynamic ‘critical mass’

Dear readers,

Clusters bring players together: they provide a network for the eco-
nomy, sciences and policy-makers, and serve as a communication plat-
form for an exchange of knowledge and information. That's also the
case for the ProduktionNRW Cluster, whose magazine “Innovations
made in NRW" regularly deals with subjects that move the industry
in NRW.

This second issue focuses on lightweight design. It's a topic you can't
avoid when it comes to seeking a solution for the challenges of the
future. Of course, lightweight design has been a part of industry for
Wolf D. Meier-Scheuven some time, but what's new is that it is gaining a new dynamism as tech-
g'riztj;tiso”no'\fg'\s/vma” nologies become more refined. A lot has become possible now that
would have been inconceivable or not feasible just a short time ago.

Strong pressure to innovate makes mechanical engineering a research-
intensive industry. Small and medium-sized enterprises in particular,
which form the backbone of the industry in North Rhine-Westphalia,
would find it impossible to manage the complexity of a broadly net-
worked R&D structure entirely on their own. Networking in the form of
collaboration with partner companies, research institutes and universi-
ties is therefore an important extension of their own capacities.

With its focus on lightweight design, this issue of “Innovations made in
NRW" takes the theme and illustrates a series of success stories and
projects that have been implemented by institutes and partner entities
in the industry. ProduktionNRW shows how companies and collabora-
tive entities can develop new products and processes for the industry
and create innovative solutions.

We hope these new ideas and approaches will prove a source of inspira-
tion as well as new technological possibilities!

Yours,
Wolf D. Meier-Scheuven

INNOVATIONS MADE INNRW 5
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Lightweight design — a technological heavyweight

WALTER BEGEMANN

Lightweight design takes many forms and has many different applications. A practical approach

for the long term is to use different materials in combination, which involves working together

across sector boundaries. Industry and research in North Rhine-Westphalia are well set up to deal

with this challenge.

Hybrid construction methods are used for vehicle bodywork. Electric mobility is a driver of lightweight design. Steel is increasingly combined
with other materials such as fibre-reinforced polymers.

Lightweight design is nothing new.
Nomadic peoples relied on light, mo-
vable dwellings, and the glider used in
Otto Lilienthal’s first controlled flight
weighed just 20 kilograms. Today, air-
craft manufacture and the automobile
industry have assumed an important
function as drivers of lightweight de-
sign solutions. The chief benefits are
fuel savings and a reduction in cli-
mate-harming emissions — and politi-
cal requirements in these directions
are growing more stringent around the
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world. Applications are also to be found
in the transport industry, shipbuilding,
the wind industry, the construction sec-
tor, and in mechanical engineering and
plant construction.

What does lightweight design mean?
Weight reductions and their obvious
benefits are only one aspect of light-
weight design. It involves performing a
function with minimal use of materials.
And despite a reduction in weight, the
overall system must continue to meet

requirements in terms of stiffness,
strength and dynamic stability through-
out its service life. The quality of a light-
weight design therefore necessitates
coordination between design princi-
ples, materials and production. Eco-
nomic, environmental and social re-
quirements also impact on lightweight
design solutions. The objective is to save
raw materials, energy and costs during
production and use of the product, all
the way through to the recycling stage.
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Trends and challenges

Aluminium was used alongside steel
in mass-produced car bodies as early
as the 1990s. Production of the first
passenger cell for the BMW i3 using
carbon fibre illustrated the potential
offered by composites for lightweight
design in automobile manufacture. In
the future, however, lightweight design
solutions will be increasingly based
on a combination of composites with
aluminium, steel and other materials,
known as hybrid lightweight design.
Long-term success will be found in an
intelligent mix of materials with a high
level of functionality that will meet the
product and cost requirements of the
specific application.

Accordingly, design engineers and
developers will need more know-how
about materials, processing methods
and joining and combination methods
in future. On the way toward series pro-
duction, savings potentials lie mainly in
process costs, besides the materials
themselves. Currently, system devel-
opment is moving toward complete
production facilities for series appli-
cations. This will require cooperation
at an early stage with user industries
and research institutes. The core tasks
include handling of different materials,
customised manufacture and achiev-
ing digitalised process chains (Indus-
trie 4.0).

With the increasing importance of mobility comes a need to make sparing
use of resources. A mix of materials is used for lightweight wheel rims.

Mechanical engineering as a driver
of technology

The mechanical engineering and plant
construction industry offers solutions
that are right for increasingly mature
production processes and automation
in lightweight design. German Engi-
neering Federation VDMA brings to-
gether professional associations and
working groups along the value chain
in its Hybrid Lightweight Technologies
working group. The VDMA State Asso-
ciation in NRW ensures there is an
intensive regional connection with
members.

In addition to VDMA members, the
opportunity to participate in the work-
ing group (with its more than 200
members) is open to users, suppliers
and research institutes. The goal is to
refine production processes, automa-
tion and joining technologies across
material boundaries and throughout
Europe, and to create viable jobs for
the future.

Members engage in discussions on
technological developments in smaller
working groups. One recent result was
the publication of the VDMA guideline
on technologies in hybrid lightweight
design. This comprises 25 technology
profiles on manufacturing and joining
processes. The working group helps
its members to collaborate with each
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other and with interested customer
sectors via conferences and by acting
as honorary sponsor for the Compos-
ites Europe trade fair. Cooperation also
includes exchanges with three partner
organisations as part of the Compo-
sites Germany trade association.

With political support
Lightweight design as a key technology
gets particular mention in the Federal
Government’s coalition agreement. Ri-
gorous efforts must be made to pursue
and further the promotion of this tech-
nology to broaden the range of indus-
trial applications. Even during the pre-
vious parliamentary term, the Federal
Ministry for Economic Affairs and
Energy set up a lightweight design
initiative and an office to encourage
dialogue on industry policy. The VDMA
Hybrid Lightweight Technologies work-
ing group is represented in the advi-
sory board of the initiative, and works
with it on developing a lightweight
design strategy.

[

Dr Walter Begemann

Expert

VDMA Hybrid Lightweight Technology
Working Group

Frankfurt am Main
https://lightweight.vdma.org

Automated weaving of carbon fibres makes lightweight structures possible.
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A new pathway to fibre/metal laminates

ALAN A. CAMBERG AND TOMAS HEGGEMANN

The latest car body concepts increasingly rely on an intelligent multi-material mix. True to the

motto “the right material in the right place”, this idea is consistently pursued and devolved to the

thickness of materials. The result: a multilayer composite of metal and fibre-reinforced plastics

that is fit-for-purpose.

InCar-Plus demonstrator.

The ambitious goal of this project
demands all-round expertise, which is
provided by an interdisciplinary consor-
tium of six professional groups from
the Institute for Lightweight Design
with Hybrid Systems at the University
of Paderborn and ten industry partners:
D&S Sandstrahltechnik, Benteler Auto-
mobiltechnik, Siemen GmbH & Co. KG,
Thyssenkrupp Steel AG, Spier GmbH &
Co. Fahrzeugwerk KG, Erichsen GmbH
& Co. KG, ESM GmbH & Co. KG, WIB
GmbH, Maschinen- und Anlagenbau
Meyer GmbH & Co. KG, and SI-Coat-
ings GmbH.

8 INNOVATIONS MADE IN NRW

Despite their outstanding lightweight
construction properties, fibre-reinfor-
ced plastics have disadvantages for
car body design, such as unfavourable
failure behaviour and high production
costs. In the case of hybrid metal with
fibre-reinforced polymer composites,
attempts are made to combine the
individual materials in such a way that
their disadvantages are eliminated,
and optimum mechanical properties
are achieved at economically accept-
able costs. However, depending on the
use, the geometry of the cross-section
and the chosen layer structure, the

weight-specific properties of these ma-
terials may vary widely.

The project approach

To counter these limitations, an inno-
vative approach is being developed
which enables a methodical techni-
que for the development of layered
materials to match requirements. The
LHybS project - lightweight construc-
tion through innovative hybrid mate-
rials — sets itself the ambitious and
innovative goal of promoting materials
development on the basis of a top-
down approach. It is supported by the
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EU’s European Regional Development
Fund and the State of North Rhine-
Westphalia under the direction of the
lead partner, the Julich project man-
agement organisation.

The thickness-dependent property pro-
file of the material to be developed is
derived from full vehicle simulations
and takes into account the purely me-
chanical aspects as well as all require-
ments resulting from the use of the
material for a selected component.
The aim of the project is to manu-
facture a lightweight, hybrid semi-fini-
shed product that can be handled in a
similar way to the materials currently
used in car body construction. This
challenging task requires multifaceted
know-how created within the project
by an interdisciplinary consortium of
six researchers from the Institute for
Lightweight Construction with Hybrid
Systems (ILH) together with ten indus-
trial partners.

From full vehicle simulation

to material

The starting point for material deve-
lopment is the InCar-Plus model from
Thyssenkrupp Steel Europe. The body-
work of the InCar-Plus represents a
steel-intensive lightweight construction
approach and relies primarily on high-

strength and ultra-high-strength steels
and, consequently, is suited to state-of-
the-art technology. For evaluation pur-
poses, the reference structure is sub-
jected to a series of crash and NVH
(Noise, Vibration, Harshness) simula-
tions. These are to evaluate the actual
state and the subsequent study of
components with a high hybridisation
potential.

As a concept for identifying car body
components, a method is being deve-
loped to investigate the influence of
individual components on the overall
properties of the bodywork. For this
purpose, components with proportio-
nately high deformation energy are
pulled out and subjected to a sensiti-
vity analysis. This will guarantee that
material development is carried out on
components where the extra costs are
justified by significantly improved body
properties. The identified demonstra-
tors - the front longitudinal member
section as an example of a crash-rele-
vant component and the rear cross
member as a stiffness-driven compo-
nent — form the basis of optimisa-
tion-based material development.

Then, both demonstrators are divided
into at least five individual layers, of
which the material properties are freely

ProduktionNRW
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The new hybrid materials consist
of several layers that are bonded
together. Their interaction allows
production of an optimised
component.

parameterised in the first stage of op-
timisation. As soon as the algorithm
finds an optimum, the idealised mate-
rial properties are compared with areal
materials database to identify actual
material matches.

Finally, the developed layer composites
are validated in full vehicle and body-
work simulations and compared with
the values of the reference structure.
In both cases, a mass reduction of at
least 20 percent with the same or im-
proved body properties can be achieved
just by developing new materials.

Deep-drawing of Fibre/

Metal Laminate (FML) materials
Forming technology plays an essential
role in the production of flat body parts.
In the LHybS research project, two
body components are to be produced
from FML blanks by deep-drawing.
Complex pull and pull-push stresses
occur in the components during the
forming process.

The use of an unfavourable tool or pro-
cess design may lead to failures, such
as ruptures or wrinkles, even when
forming conventional metal sheets.
Other potential errors may occur in the
process of forming FML sheets. For
instance, in places where tangential

INNOVATIONS MADE IN NRW 9
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compressive stresses prevail, the fib-
res may be moved or compressed. This
may have undesirable consequences,
such as delamination and buckling or
breaking of the fibre strands. Apart
from such damage to the fibre, delami-
nation can lead to a loss of cohesion in
the matrix, which means that the com-
ponent can no longer be used in a prac-
tical way. Another problem may occur
in places with a high surface pressure.
In that case, the matrix material may
flow out of the material compound.
However, these undesirable effects can
be successfully counteracted.

Material design suitable for forming
In the project, complementary nume-
rical and experimental methods were
developed and used to develop a tool
and process design adapted for FML
forming. In the forming simulations,
data from the InCar-Plus model were
the basis for modelling tool elements
in the forming process. The simula-
tions were initially used for fundamen-
tal analysis. For instance, that is how
the effect and interaction of variations
of individual design and process pa-
rameters on the forming process were
determined. Experimental work with
increased complexity was also carried
out. In this work, typical stress situa-
tions during the forming of real com-

10 INNOVATIONS MADE IN NRW

ponents were evaluated by making
replacement geometries (bowl, hemis-
phere geometry and U-profile). This
provided important findings to deve-
lop guidelines for process design and
semi-finished product design for deep-
drawing FML components. The impro-
ved forming behaviour of the adap-
ted FML sheets can be enhanced by
using adjustable multi-point down-
holding and stamping systems, so
that even complex components can
be produced.

Fit-for-purpose material profiles

With the help of the optimisation me-
thodology created within the frame-
work of the project, fit-for-purpose
material profiles can be designed that
enable the development of further
lightweight construction potentials. To
increase the bonding strength of FML,
suitable methods for surface structur-
ing, as well as bionic-based adhesion
promoter systems, are being investi-
gated. To enable processing of inno-
vative materials into components in
deep-drawing processes, adjustments
to the material itself as well as to the
forming tools and the process manage-
ment are being looked at in detail.

To date, the developed material com-
posites have been characterised by

The development of innovative
hybrid materials is aimed at
extremely lightweight components
for the automotive industry. In the
building stage, which consists of
several materials, the interaction
of the materials results in an
optimum component.

numerical simulations and substitute
tests only. The experimental validation
of FML materials on real component
geometries is still pending and is cur-
rently in the preparatory phase.

Research Assistant
Chair of Lightweight Construction
in Automobiles (LiA)

Thomas Heggemann

Research Assistant

Chair of Forming

and Machining Technology (LUF)
University of Paderborn

Paderborn
www.mb.uni-paderborn.de/leichtbau
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Taking global challenges as opportunities

Constant population growth, increas-
ing urbanisation, climate and environ-
mental protection, changes in mobility,
and a clean yet reliable energy supply
system - these are some of the major
challenges facing the world. This leads
to opportunities for those companies
that offer innovative solutions in these
key and future-oriented industries.

The state government would like to see
as many as possible of these compa-
nies coming from North Rhine-West-
phalia. They need to launch new pro-
ducts and processes onto the world
market and ensure their long-term com-
petitiveness in the process. This helps
to secure NRW as a business location
— and secure many jobs in the state,
too. This is why NRW has developed a
lead market strategy to provide finan-
cial support for research projects, the
results of which businesses will drive
forward to series production level in a
later stage.

Eight lead market competitions form
the heart of the lead market strategy:

mechanical engineering and plant con-
struction, new materials, mobility and
logistics, the IT and communications
industry, the energy and environmen-
tal industry, media and the creative
industries, healthcare, and life science.
Projects may be submitted for spon-
sorship in any of these areas. The pro-
jects from the lead market competi-
tions are financed with funds from the
European Regional Development Fund
(ERDF). For the current grant period
(2014-2020), Brussels is making EUR
40 million available for each lead mar-
ket. The state is contributing a further
EUR 20 million in each case. The total
budget for the current financing phase
is thus not far off half a billion euros.

“Since 2014, we have issued well over
1,000 individual approvals,” says Dr
Sebastian Dziallach of LeitmarktAgen-
tur.NRW, which has been engaged to
organise the competitions. This is a col-
laborative arrangement between the
two project sponsors, PtJ (Projekt-
trager Julich) and ETN (Energy, Tech-

New materials can be used
in a variety of materials.
The mixture of materials
allows components with
optimum properties in
many applications.

nology, Sustainability), and is domi-
ciled at the Julich Research Centre, like
the two parent entities.

By far the most approvals were issued
for cooperative projects, in which com-
panies, universities and research facili-
ties take on a particular topic together.
Each partner in these cooperative
groups receives a separate approval
for its component. Projects from indi-
vidual companies are a rare exception.
It is unusual for the jury of experts to
trust an individual company to be on
the path to a ground-breaking innova-
tion. “There must be an express em-
phasis on cooperative thinking and
technology transfer,” says Dziallach.

Contact for LeitmarktAgentur.NRW

Dr Sebastian Dziallach
www.leitmarktagentur.nrw

INNOVATIONS MADE IN NRW 11
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Lead market competition

It’s all about the material mix

It’s no longer a question of new
materials “versus” established mate-
rials. The goal now is to use the best
material for the right purpose. This
is precisely the objective of the
InHyb project of the University of
Siegen, carried out in collaboration
with an industry partner.

The project is focused on combining
glass fibre reinforced polymer (GFRP)
components with steel. For example,
the researchers at the university's
Department for Material Systems for
Automotive Lightweight Construction
are investigating the leaf springs con-
necting a wheel axle with the chassis -
i. e. non-rigid components, which have
to change in shape on application of a
force. Most such leaf springs are cur-
rently made of steel, although springs
made of GFRP are used in some luxury
automobiles and commercial vehicles.
Such springs are much lighter than
conventional springs, but also much
more expensive. When glass fibre is
combined with the steel, the product
is heavier, but also more robust - the
idea behind the project is therefore
essentially to get the best out of both
materials. The extent of the weight

12 INNOVATIONS MADE IN NRW

Photos: Arne Busch

This equipment can be used to test the internal stress at different sample temperatures.

saving from the use of this hybrid com-
posite will be known only at the end of
the project, but there is certainly consi-
derable potential. A GFRP leaf spring is
70 percent lighter than its steel coun-
terpart, for example.

For their “Intrinsic hybrid composite
for cyclically stressed components”
project, the researchers have joined
forces with an industry partner, Mubea

Fahrwerksfedern from Attendorn in the
Sauerland area, an automotive compo-
nent supplier that has been actively
engaged in lightweight construction
for many years. Their project has been
submitted as a joint entry in the Neue-
Werkstoffe.NRW competition organi-
sed by the lead market agency for
the German state of North Rhine-
Westphalia (LeitmarktAgentur.NRW).
For their three-year project, due to



be completed at the end of January
2019, the project partners have recei-
ved more than 70 percent of their total
budgeted expenses of almost one mil-
lion euro as a project grant from the
agency. The remainder of the costs will
be split between the partners.

Supplemented production process
For the manufacture of GFRP leaf
springs, glass fibres are pre-impregna-
ted with epoxy artificial resin, placed
in moulds and heated in a press. This
liquefies the resin, which bonds with
the fibres. During the pressing opera-
tion, the material hardens, resulting
in a finished component. “That basic
process provides the foundation for
the technique employed in InHyb. We
are combining several materials. Glass
fibre plus polymer is already a multi-
material system, but we also add steel
to the mix”, says Arne Busch, who is
running the project under the supervi-
sion of Prof. Dr Robert Brandt. Rather
than changing the conventional pro-
duction process, InHyb is merely ex-
tending it, he says, in that now a steel
element is also laid in the press, and
pressed together with the pre-mate-
rial. On hardening, this results in a hyb-
rid composite of FGRP and steel. Glass
fibres are mainly unidirectional, i. e.
laid only in one direction, and therefore
are particularly strong only in one di-
rection — so the use of steel achieves
strength in all directions.

A problem still remains, in that steel
and FGRP expand by different degrees
on the application of heat, and contract
to different extents on cooling. This
creates internal stress within the hyb-

rid composite. “There’s no getting away
from it — that stress is always going to
be there, but we are working on re-
ducing it to the minimum possible, by
finding the optimum composite struc-
ture”, says Busch.

Improved jointing technique

This material mix offers benefits not
only for entire components, but also
for the bonding of different materials.
Take the example of joining a flat GFRP
component to a flat steel component
with a bolt connection. The ends of the
two components overlap, so a hole is
drilled in them, and a rivet is inserted.
“If we now apply tractive force to the
two ends, i. e. pull on the two ends, the
GFRP would fail in short order, because
there are no fibres running transverse
to the direction of application of the
force. The only resistance would be
from the polymer matrix, which is
however very weak, and would soon
be destroyed in this situation”, says
Arne Busch. Polymers have a strength
of only 70 Megapascal (MPa) on the

ProduktionNRW
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application of force. In comparison,
GFRP materials in the direction of the
fibres reach strengths of 1,000 MPa.
InHyb aims to provide a more robust
connection by introducing steel as
the reinforcing material. “If we lay two
metal sheets over and under the GFRP
component in the region of the hole,
and now pull on the ends again, the
matrix will have a significantly longer
time to failure”, explains Busch.

The basic research stage of InHyb has
been completed. The project partners
are now working on testing samples
closely replicating the structural com-
ponents. The next step will be to build
a “demonstrator”, to show whether the
product will actually work as they hope
it will. “But even then there will still be a
lot to do. It won't just be a matter of
completing the project with a finished
component and putting it straight into
serial production”, Busch says. “This
project has been a development exer-
cise, to see just what is possible in this
area”.

)

The situation that InHyb
is trying to prevent:

the bolt has deformed
the metal sheet and
damaged the GFRP
material.

INNOVATIONS MADE IN NRW 13
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Lead market competition

A crash box made of wood

The automotive industry is facing
the challenge of drastically reducing
CO, emissions. One of the options
for achieving this is lightweight con-
struction, because lighter vehicles
use less fuel. The EHoLA project led
by the University of Paderborn is
exploring the use of wood as a sub-
stitute for the customary heavier
metal materials.

Reducing vehicle weight with the use of
alternative non-steel materials is noth-
ing new in the automotive industry.
Examples include aluminium, and more
recently carbon fibre reinforced poly-
mers (CFRP). These materials may be
lighter, but they also have their dis-

14 INNOVATIONS MADE IN NRW

advantages. Aluminium production is
an energy-intensive process, which
also generates high CO, emissions.
The production of CFRPs is also highly
energy-intensive, and therefore rela-
tively expensive. The material is also
very difficult to recycle, since all the
constituent substances have to be
carefully separated. Accordingly, auto-
makers are now exploring the option of
using wood as an alternative material,
previously only to be found as part of
the interior trim in luxury limousines.

Good mechanical properties

With the aim of proving that wood is
more than just a decorative material,
and suitable for other vehicle compo-

nents, even under the bonnet, a project
has been set up in the Automotive
Light Construction (LiA) department at
the University of Paderborn, together
with partners from industry. The re-
searchers have shown that wood has
similar properties to CFRPs or even
steel, and in principle is therefore suit-
able for use as a vehicle construction
material, provided it is appropriately
optimised for automotive applications.
In 2016, the research partners sub-
mitted their EHoLA project (from the
German for “wood composites with
optimised properties for environmen-
tal lightweight construction for auto-
mobiles™) as a joint entry in the Neue-
Werkstoffe.NRW competition organised

Wood as a material stores
carbon for the long term.
Itis also climate-neutral,
since trees draw the same
amount of CO, from the
environment as they gen-
erate during combustion.



by the lead market agency for the Ger-
man state of North Rhine-Westphalia
(LeitmarktAgentur.NRW). In fact, the
competition judges were so impressed
with the project that the agency has
agreed to provide funding to the tune
of around half a million euro to keep
the project running until the start of
next year.

The first phase of the project was to
test the suitability of wood materials in
general. The team found that veneer
wood materials in particular are well
suited for the purpose. Unlike solid
wood and single-layer materials such
as particle board, veneer wood mate-
rials comprise multiple layers. This
allows the superimposition of mate-
rials with different properties, in terms
of stiffness and strength, for example.
This provides many different options
for creating a wood material with ex-
actly the required functional charac-
teristics.

In the next stage of the project, the
partners focused on two specific struc-
tural components that could be de-
signed and made of wood, rather than
steel or aluminium as previously: the
body components of a crash box and a
seat back panel. Tests carried out on
the crash boxes made of single-layer
wood structures showed that wood
absorbs energy at least as well as alu-
minium profile sections. And that was
just the beginning — because these
tests were carried out with aluminium
sections specifically developed for high
energy absorption. But the wood mate-
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rial used — beech, in this case - still left
plenty of potential for optimisation.
The selection of the base wood species
for a wood composite depends on the
required characteristics in each case.
Beech provides greater strength and
stiffness, but conifer woods are gener-
ally lighter. So another option can be
sandwich structures, in which a soft
wood material has harder timber layers
on either side.

Wood is much lighter than steel, and
even than CFRPs. Steel has a density
of 7.8 grams (g) per cubic metre (m3),
as compared with just 1.6 g/m?3 for
CFRPs. Yet wood comes in at only half
that density, at 0.8 g/m3. In addition,
wood is a renewable material, and
therefore not a diminishing resource.
And at the end of its life cycle, it can be
used as a source of energy — in other
words, burned as fuel.

The EHoLA project is a collaboration
between the LiA department at the
University of Paderborn and two indus-
try partners from the state of North
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Cutting the
wood veneers
is carried out
as a manual
process.

Rhine-Westphalia. The Detmold-based
firm Demold Jowat SE makes the glue
adhesives used in the wood materials,
and the third partner is Hanses Sage-
werkstechnik GmbH & Co. KG. It is a
wood processing specialist based in
Meschede, in the Sauerland region, and
is tasked with making the tools for the
project.

The project is currently on schedule,
and due to be completed in spring
2019. “At the moment we are in the last
phase of finalising the component de-
sign. Our materials research has been
concluded, and we have set up a simu-
lation model. We also already know ex-
actly what our components are going
to look like, and now we are putting the
final touches to the design,” says Swet-
lana Schweizer, Research Assistant at
the Institute Automotive Lightweight De-
sign, Paderborn University. This means
the components are now being manu-
factured and tested. The result will be a
prototype to demonstrate the viability
of wood as a genuine alternative mate-
rial in automotive construction.
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Lead market competition

The non-contact, automated path
to lightweight components

Fibre composites are playing a major
role in resource conservation through
the use of lighter structural compo-
nents. Yet these materials are still
very expensive. The CarboLase pro-
ject led by the Fraunhofer Institute
for Laser Technology (ILT) aims to
simplify the process chains involved,
and thereby reduce costs.

There are several reasons for the high
cost of composite materials based on
glass fibre (GFC) or carbon fibre (CFC).
First, the high cost of the initial mate-
rials themselves, secondly the large
number of manual steps involved in
their manufacture, and thirdly, high
levels of wear and machining waste.
This is the aspect addressed by a pro-
ject formed as a collaboration between
the ILT research institute in Aachen,
the Textile Technology Institute (ITA)
of RWTH Aachen University, and three
partners from industry. Fibre compo-
sites are very abrasive materials, resul-
ting in high levels of wear on drilling
and milling tools, and frequent tool
changes. And the conventional fabri-
cation chain is generally prone to a
high incidence of defects. “We set out
to see how we could do this better”,
says project manager Stefan Janssen
from ILT.

Carbolase is not a new fabrication
technology, but rather an enhance-
ment of the fabrication chain for CFC
components, which generally looks
something like this: carbon fibre mats
are cut to size, then glued or stitched
into multi-layer packets, and finally for-
med into the desired final contour out-
lines. These “preforms” are then imp-
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regnated with synthetic resin in the
tool mould, and hardened into the de-
sired component. This is followed by
further processing, and in many cases,
these components have to be com-
bined with other elements into struc-
tural sub-assemblies. This can involve
the insertion or application of threaded
force application elements — generally
metallic — because unlike in metals, it
is not possible to cut high-strength
threads in CFC materials. The practice
has therefore been to drill holes for this
purpose in the already hardened com-
ponent. The major problem here is that
machining the hard carbon fibre mate-
rial causes intensive wear on the very
sharp cutting edges of the tools. There
is also the risk of carbon dust finding
its way into the matrix and contamina-
ting the component.

Laser rays prevent wear on

the textile material

The Carbolase process intervenes
one step earlier, in that the holes for
threads and other force application
elements are drilled in the preform,
before the addition of the resin. But
with a drill of the conventional type, the
fibres (in the same way as other textile
materials) would wrap around the drill,
destroying the textile layer structure.
So a mechanical contact-free fabrica-
tion process is needed - in this case,
a laser. “We are using new ultra-short
pulse beam sources with pulse lengths
of between two and 20 picoseconds
and pulse energy of up to 1 Megajoule.
Within this short time, so much energy
is conveyed into the material that it
vaporises directly, without any thermal
damage", Janssen explains. As aresult,

the drilling process is frictionless and
reproducible.

According to Sebastian Oppitz of ITA,
this makes the process much more
economically viable than conventional
drilling or other machining processes,
such as milling. “There are big savings
to be made here. Just how big we will
find out in autumn, when we run some
comprehensive test series,” he says.

Along with the benefits of reduced
wear, there will be time savings from
eliminating the many tool changes for-
merly required. This can be a highly
significant factor in the equation. In
the aviation industry, for example, for
safety reasons it is a compulsory requi-
rement to use tools only up to very low
levels of wear. That means correspon-
dingly more frequent tool changes. The
aviation industry also requires com-
ponents to be repaired even for the
most minute signs of damage. With
the Carbolase process, component
defects can be eliminated before they
happen.

Five partners involved

The Carbolase project has a clear divi-
sion of tasks between the partners. As
well as leading the project, ILT is res-
ponsible for the laser technology, while
ITA looks after creating the project
chain. The Herzogenrath-based firm
Amphos GmbH controls the laser beam
source and guidance systems, and
Kohlhage Fasteners GmbH & Co. KG,
based in Neuenrade, contributes the
bonding elements. And finally, Lunovu
Integrated Laser Solutions GmbH, also
from Herzogenrath, has come on board
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as the system integrator. The project
has been entered in the lead market
competition Produktion.NRW organi-
sed by the lead market agency for the
German state of North Rhine-West-
phalia (Leitmarkt Agentur.NRW), and
will run until the beginning of 2020.

Focus on automation

Given the extensive use of manual pro-
cesses still involved in the fabrication
of CFC components, the researchers
in the CarbolLase project have also de-

cided to focus on introducing a higher
level of automation. They are therefore
planning a robot cell for the stacking,
forming and drilling of textile layers
into packets. “The cell is designed for
ultra-flexibility. We aim to use it to fab-
ricate a wide variety of components,
including flat elements and complex
structures like the B pillar of an auto-
mobile”, Oppitz says. “A process chain
combining the benefits of automation
and flexibility in this way would be
something quite new”.

i

Laser beam-drilled CFC preform with internal threaded sleeve.

ProduktionNRW
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Another new feature is the capturing of
sensor data at many different points in
the process chain, for use for control
and adjustment purposes. This data is
useful for position detection, for ex-
ample, enabling the robot to detect
materials that have slipped out of po-
sition. This means that it will not drill
holes in the wrong position. “This is
a concept we have picked up from
Industrie 4.0", says project manager
Janssen.

)
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Lead market competition

Nature as a model for lightweight design

Photos: Guido Fluchter/Fraunhofer IPT

e

Bionic lightweight design makes load-compatible use of fibre-reinforced plastics. The next step
is to solve the challenge of laying tapes with endless fibres in a curved arrangement.

Look closely at a dragonfly’s wing:
despite the delicate veins and gossa-
mer membrane, it’s highly efficient
and resilient. It doesn’t take long to
see that engineers can learn a lot
from nature when it comes to light-
weight design. The challenge lies in
reducing the weight of components
without compromising their stability.

Reduce the weight of structural com-
ponents without compromising their
stability: the scientists at the Fraun-
hofer Institute for Production Techno-
logy (IPT) in Aachen have been working
on this question for more than 25 years
now, optimising processes and tech-
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nologies. In flora and fauna, the shapes
of supporting structures do not run in
straight lines, but follow power flows.
Optimising materials and topology leads
to the creation of efficient structures
that are light but still robust.

The concept of designing supporting
structures along existing power flows
is something the researchers at IPT
have been applying to composite fibre
technology in collaboration with in-
dustrial partners from North Rhine-
Westphalia. Drawing inspiration from
bionics, the partners submitted their
“BioStrukt” project idea to the Produk-
tion.NRW lead market competition in

NRW, the results from which should
enable the manufacturing industry in
NRW to make load-compatible use of
fibre-reinforced plastics (FRP) through
the use of bionic lightweight design,
saving raw materials and thus costs.

In Fraunhofer IPT's Lightweight Design
Production Technology business area,
FRPs are designed to be load-compa-
tible using IPT's own “PrePro” tape appli-
cators. This makes it possible to pro-
duce components that are extremely
stable but very low-weight. Using the
technology that is currently available,
manufacturing bionic structures from
endless fibre would not be economical,
even with high resource efficiency, and
so potentials for weight reduction and
even more efficient use of materials
remain unused. The challenge is there-
fore to lay the impregnated fabrics
(fibre-reinforced tapes) with endless
fibres in a curved arrangement to re-
flect the load distribution.

The multidisciplinary “BioStrukt” pro-
ject (bionic lightweight design through
the economical manufacture of struc-
ture-optimised lightweight components
with directed fibres) is intended to
achieve this goal. The result should be
a manufacturing process that follows
nature’'s example in laying the fibres
not in straight lines but in a curve along
existing power flows. It will create FRP
components that are optimised in terms
of topology and material, with input from
the thermoforming and back-moulding
technology fields.

The research project aims to refine the
process of automatic tape laying using



the PrePro tape applicator to permit
thermoplastic tapes made of unidirec-
tional endless fibres to be laid in curves.
This should produce load- and waste-
optimised organic sheets. After forming,
the semi-finished products are back-
moulded using an injection-moulding
process, which can enable the compo-
nents to function as attaching devices,
for example.

Along the process chain, the semi-
finished product passes through dif-
ferent states, from solid to non-rigid,
heated and shaped. The novel anisot-
ropy of these semi-finished products
also raises a number of questions. Cur-
rent gripping technologies reach their
limits when dealing with them, for ex-
ample. The planned project must there-
fore investigate how to handle these
semi-finished products, so these tech-
nologies can be linked with an inte-
grated process chain. At the end of the
process chain will be a technology de-

monstrator that will illustrate the be-
nefits of bionic lightweight designs, in
the form of a completed rather than a
semi-finished product.

The research project will also incorpo-
rate data to create a digital shadow of
the bionic FRP product. This involves
networking the individual processes at
a virtual level to form a process chain.
Integrated measurement processes
enable continuous quality monitoring,
so defects occurring during the tape-
laying process can be recorded and
identified. Real-time feedback will con-
tinuously optimise the process and im-
prove process safety.

Developing the manufacturing process
will draw on the knowledge gained from
the LightFlex project, which was spon-
sored by the German Federal Ministry
of Education and Research, in which a
process chain was developed for the
cost-efficient production of individual
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hybrid components made of FRP and
3D printed elements: the forming pro-
cess for fibre-reinforced plastics guar-
antees component stability, and 3D
printing makes it possible to create
the forms and functions with maxi-
mum flexibility.

An automatic photonic process chain
has been developed that can be used
to manufacture individual products
from FRP with integrated functional
elements flexibly, quickly, and cost-ef-
fectively. This can be used to produce
FRP prototypes such as customised
seat buckets for vehicles, or artificial
limbs with individually adapted fitting
systems.

[ J

Combination: fibre-reinforced plastics in combination with additively manu-
factured elements develop particular properties. The shaping process guaran-
tees their stability. 3D printing allows for flexible manufacturing processes.

Tapes with endless fibres: the load-optimised arrangement of components
helps to keep the overall weight down.
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Truss structures for optimum lightweight

construction

ANSGAR POLLEY

Topology optimisation is undergoing a revival thanks to the possibilities opened up by additive

manufacturing. Based on the available installation space, material is removed from exactly those
places where it has least effect on the functionality of the component. Using simulation applications
from Cadfem GmbH, products can be optimised virtually, before they are produced.

Topology optimisation results in com-
ponent structures reminiscent of forms
that have developed organically. Tree
branches or bone structures evolve
into efficient designs according to the
loads they are subject to. This evolu-
tion can be transferred to product de-
velopment in an accelerated manner
using design algorithms.

Topology optimisation: As well as the
installation space and the loads, it is
also possible to define the optimisation
objectives and constraints. As optimi-
sation objectives, pliability, stiffness,
natural frequencies, volume and mass
can be minimised or maximised, taking
into account any constraints. Thus, for
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example, topology optimisation may be
specified to achieve minimum pliability
withan 80 percent reduction in instal-
lation space, or minimum mass with a
given pliability of 0.05 mm. Specified
constraints might include symmetry,
minimum or maximum structure size,
orthe demoulding direction of moulded
parts.

Optimised component designs

During the analysis, which is performed
on computers typically used for CAD,
material is eliminated gradually, so that
the progress of topology optimisation
can be directly observed. As a result,
the designer receives an optimised de-
sign proposal that fully meets the given

Evolution provides the
model for framework
structures; this image
shows the variable
microstructure ina
bone.

requirements. This is available not only
as a three-dimensional representation,
but can also be used directly as a
CAD model. Additional functions for
smoothing the geometry and melding
with connecting components are also
available. While the optimised compo-
nent designs can also be produced by
conventional methods, they are pre-
destined for additive manufacturing
due to their organic shapes.

Lattice optimisation: Thanks to the lay-
ered construction technique used in
additive manufacturing, it is possible
to realise even the most complex
geometries without additional effort,
enabling the cost-effective production
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of components that are close to opti-
mal in terms of loads. This manufactur-
ing advantage systematically opens up
the possibility for a further degree of
freedom in component geometry. Sim-
ilar to the structure of bone, in which
the density is able to adjust according
to load paths due to its variable internal
structure, the internal structure can
also be made variable in technical
products that have high demands on
the lightweight construction potential.

Structures correspond

to the load paths

The fine structure consists of a frame-
work (lattice) for which the dimension-
ing (density of the nodes, strength
of the truss elements) is defined by
the load paths. Accordingly, the outer
shape of the inner structure providing
the stiffness can be separated from
this function, and designed according
to different criteria. For example, for
motor sport chassis components, the
internal structure of the lattice can fol-
low the load path in terms of rigidity,
while its outer shape can be designed
according to flow aspects. Similarly, in
the food processing industry for exam-
ple, external shapes that are easy to
clean can be combined with load-opti-
mised internal structures.

Enclosing the structure providing the
stiffness increases the acceptance of
seemingly unfamiliar topologies and
protects against counterfeiting of inno-
vatively developed components.

Process simulation: Not only do simu-
lation tools result in optimised com-
ponent geometries; they also provide
quality assurance in demanding manu-
facturing processes. Additive manufac-
turing in particular, which in principle
produces a finished component with
only one weld seam, creates new
demands in terms of knowledge and
experience — expertise which can be
ideally complemented using simula-
tions. The melting, cooling and shrink-
ing of material, the layered construc-
tion technique and mechanical and
thermal influences on support geome-
tries all combine to create a large num-
ber of factors that have a major impact
on quality. This results in uncertainty
regarding the achievable dimensional
accuracy and the adjustable micro-
structure (e. g. density and frame-
work), as well as doubts about which
process parameters to select.

The process is determined

by many factors

Simulations can help eliminate these
uncertainties and identify appropriate
process parameters. In addition to the
pressure parameters, the choice of a
suitable support geometry is an impor-
tant influencing factor. Not only do
these geometries support overhanging
parts of the component, they also have
a thermomechanical effect, ensuring
local heat dissipation.

These support geometries can be gen-
erated automatically, for example with
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Left to right:
traditional design,
topology-optimised
design, and a gripper
produced using addi-
tive manufacturing.

variable spacing or variable wall thick-
ness. In addition, it is possible to com-
pensate for the calculated and una-
voidable component distortion through
adjustments to the geometry, so that a
high dimensional accuracy can still be
achieved with this production process.
Process simulation also helps to avoid
misprints. The quality of components
produced through additive manufac-
turing is increasing.

When all three elements — the topology
optimisation of the outer shape, the
lattice structures that determine the
internal fine structure, and the additive
manufacturing process simulation -
are considered together and coordi-
nated with each other, this results in
a design for additive manufacturing
(DfAM). To use this methodology in the
design and product development pro-
cess, the individual process steps need
to be closely interlinked and integrated
into a logical workflow. This enables us
to combine engineering knowledge,
simulation technology and manufac-
turing expertise, to take lightweight
construction to a new level.

®

Dr-Ing. Ansgar Polley
Office Manager
Cadfem GmbH
Dortmund
www.cadfem.net
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Hollow profiles instead of sheet metal

BORIS KOCH AND LUKAS SCHROER

Plastics/metal hybrid technology is an established construction method in structural lightweight

design. It deliberately combines the strengths of sheet metal and plastics. Extending the hybrid

technology to include the use of hollow metal profiles with round and angled cross-sections

considerably increases their performance.

Pedal box made using hybrid technology: thin sheet profiles are reinforced with polyamide

in the injection moulding tool.

Plastics/metal hybrid technology was
developed and taken to the series pro-
duction stage by Lanxess AG for light-
weight design purposes. It is used to
manufacture vehicle components that
are subject to heavy stresses — front
ends, for example. Other applications
are pedal boxes, brake pedals and roof
frame structures. The injection moul-
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ding component used is generally glass
fibre-reinforced polyamide 6, with steel
plate as the metal component.

A hybrid design often has clear advan-
tages over metal-only solutions — for
example, those based on multiple pre-
formed and welded steel plates. Sim-
ple metal profiles can be used, and

costly metal processing stages can be
omitted. There is, accordingly, no need
for forming tools.

The components can be shaped with
complex geometries using thermoplas-
tic polyamide 6. Compared to open,
metal-only structures, their mechanical
performance is superior when it comes
to torsion stiffness and strength. And
compared to steel-only solutions, not
only are they up to 40 percent lighter,
but they can also be manufactured up
to 50 percent more cheaply. Alumi-
nium plate can also be used, resulting
in further weight savings.

Tailored for structural components
Hybrid technology has now reached
another stage of development. It has
been extended to include the use of
hollow metal profiles with round and
angled cross-sections. This is the re-
sult of work performed in the Centre
for Product and Application Develop-
ment in the High Performance Mate-
rials business unit of Lanxess in Dor-
magen, North Rhine-Westphalia.

Compared to open sheet profiles, hol-
low profiles have much greater dimen-
sional stability and offer higher torsion
stiffness and torsion strength. We can
therefore assume that this new me-
thod, known as hollow profile hybrid
technology, will be used in future to
manufacture components such as dash-



board supports, which cannot be made
rigid and resilient enough with the tra-
ditional hybrid method used to date.

Simple manufacturing process

For the hollow profile hybrid techno-
logy, Lanxess developed a simple, one-
stage process. First, a number of solu-
tions had to be found: for example, it
has to be easy to fit the metal insert
into the injection moulding tool. The
production process creates tolerances
that can damage the tool and - if the
inserts are too small — can prevent the
tool from fully sealing. The insert must
also be supported to enable it to resist
the high pressures of molten masses
during the injection moulding process,
without being compressed. The poly-
mer and metal must also be firmly and
permanently bonded in all directions.

The result of the development work is a
process that is suitable for mass pro-
duction, requires only minimal invest-
ment in plant, and is almost as simple
as the traditional hybrid method using
sheet metal. A key benefit is that the
procedure involves no additional steps
that would prolong the familiar short
processing times associated with in-
jection moulding. The same sort of
short cycle times can be used in
manufacturing as are typical of injec-
tion moulding for mass production.

Test piece and tool constructed

To put the new technology to a prac-
tical trial, a test piece was designed
and a tool constructed to make it.
Bonds between materials and bond
tightness can be investigated using the
test piece. It is structured for demons-
tration purposes and for component
trials, and gives interested parties an
opportunity to test the great stability
of the bond for themselves. The test
pieces proved that the process works
as intended during the design stage.

Broad application in mechanical
engineering

Besides dashboard supports, hollow
profile hybrid technology offers great
opportunities in making other struc-
tural components that are subject to
major mechanical stresses. Concei-
vable applications in lightweight cons-
truction for the motor industry, for
example, are seat structures, front
ends, tailgate supports and mirror sup-
ports for goods vehicles. It also offers
good opportunities for use in the
manufacture of furniture, ladders and
children’s pushchairs.

Lanxess also offers customised poly-
amide compounds as injection moul-
ding materials for use in hollow profile
hybrid technology. It makes them at
its plant in Krefeld-Uerdingen. They in-
clude particularly easily flowing mate-
rial variants for complex rib structures
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Compared to a hybrid com-
ponent based on sheet steel,
the hollow profile hybrid
demonstrator has much
greater dimensional stability,
with better torsion stiffness
and torsion strength.

and geometries, and highly filled forms
of polyamide 6 with up to 60 percent
glass fibre, which further enhance the
mechanical performance of hybrid com-
ponents thanks to their high strength
and stiffness.

Inserts for die-casting and
extrusion systems
Research is in progress to find ways to
extend hybrid technology to include
simple, low-cost inserts for die-casting
and extrusion systems. The new hybrid
technology is also compatible with hol-
low-profile inserts made of fibre-rein-
forced materials. This could lead to
further weight savings in the series
production of structural components.
[

Boris Koch

Lukas Schroer

Application Developer

High Performance Materials Business Unit
Lanxess AG

Dormagen

www.lanxess.com
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Using laser light

to master lightweight construction

Lightweight materials are popular. Alu-
minium is used in car bodies. New air-
craft fuselages already consist of 50 %
of lightweight components made of car-
bon fibre composites. New production
or processing methods accelerate the
manufacturing process and make ma-
terials lighter and more stable. Laser
technologies contribute to this in a spe-
cial way. The Fraunhofer ILT develops
metallic components and produces suit-
able prototypes, which are weight-opti-
mised thanks to a special internal struc-
ture. The Fraunhofer Institute for Laser
Technology ILT in Aachen researches
developments, from automotive engi-
neering to aircraft and medical techno-
logy, with the aid of laser technology.
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Researchers at the Fraunhofer ILT are
specialised in the production of metal
components with comparable light-
weight structures. The advanced Selec-
tive Laser Melting (SLM) process, the
main features of which are similar to
3D printing, is used for this purpose.
Using a laser beam, powder is precisely
melted according to CAD data and
cured to micrometre-thin layers.

The component grows, layer by layer.
Theresearchers have developed, among
other things, a very light and stable
wishbone suspension for a sports car
using the SLM method, from which
the wheels are suspended individually.

Processing methods using
light: The laser combi-head
is used for cutting and
welding steel, as well as

for additive manufacturing.
The hybrid laser beam
source consists of a diode
laser for heat treatment and
a fibre laser for cutting.

This wishbone suspension also has a
hollow structure inside. That makes it
lighter and more stable than cast or
machined components. The complex
hollow structure could not be realised
without the SLM process.

Making components or vehicles lighter
and lighter is also a challenge in terms
of functionality. Weight reduction can-
not be at the expense of stability. That
is why different materials are often
combined in lightweight construction,
which are best suited for various appli-
cations —aluminium or fibre-reinforced
plastics (FRP). The different materials
are usually bonded to one another



nowadays, since the stability of FRP
is reduced when bolted to other com-
ponents.

But with the adhesive, a third material
enters the process. The disadvantages
of using an adhesive are that it may
start an aging process and that it may
become brittle. Because of these dis-
advantages, ILT scientists rely on la-
ser-based processing methods for joi-
ning FRP and metal. In this case of a
hybrid connection, they use the laser
to burn a 100-micrometre fine pattern
with small grooves and undercuts into
the surface of the metal component.
“When metal and FRP are joined, the
hot and liquid plastic flows into the
grooves,” explains ILT laser expert
Dr Alexander Olowinsky, “so that the
plastic grips into the metal surface
when it hardens.”

Laser cutting with tracking heat treatment laser. Local heat
treatment can improve the crash properties of components
by imprinting softer zones.

Types of steel in combination

Not only FRP and metal are more and
more combined. Depending on the
application, different types of steel are
also joined in a special way. To reduce
weight, car manufacturers are using,
among other things, press-hardened,
high-strength steel. Such steel is ex-
ceptionally stable, so that thinner me-
tal sheets can be used.

Even though this results in weight
reduction, such steel is expensive, and
its use must therefore be limited to
the necessary areas. In cars, conven-
tional steel and press-hardened, high-
strength steel are therefore used side
by side and welded together.

The usual processes, such as spot wel-
ding, result in less stability of the high-
strength steel at the welding point. In
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a cooperation project between the
Fraunhofer ILT and several industrial
enterprises, an alternative welding pro-
cess was developed to join conventio-
nal and high-strength steel. This inno-
vative process does not compromise
the crash stability of high-strength
steel and facilitates the use of both
types of steel.

)

Lightweight truck seat with

20 kg weight saving at the top.
The seat support made of
glass fibre-reinforced plastics
developed at the Fraunhofer ILT
contributes to this.
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Series production of fibre-reinforced
plastics components

KAI FISCHER

Lighter and more functional: those are the demands being made of plastics components. Not only

in the automobile industry — low component weight is an advantage in almost all applications and in

all industries. Saving on materials is synonymous with curbing costs and conservation of resources.
Lightweight components can be achieved using a range of procedures and a variety of combinations

of plastics, fibres and semi-finished products, as well as metals.

The multidisciplinary project iCompo-
site 4.0 is aimed at achieving the com-
mercially feasible mass production of
components using fibre-reinforced plas-
tics by improving resource efficiency.
As well as the press manufacturer
Schuler AG, the partners in this project
(sponsored by the Federal Ministry
of Education and Research) are the
Aachen Centre for Integrative Light-
weight Production at RWTH Aachen
University, Apodius GmbH, Broetje
Automation Composites GmbH, Frimo
Sontra GmbH, ID-Systec GmbH, the
Institute of Plastics Processing (IKV)
in Industry and the Skilled Crafts at
RWTH Aachen University, Siemens AG
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and Toho Tenax Europe GmbH. Apodius
has developed optical measuring sys-
tems to identify fibre orientation. Teijin
Carbon Europe GmbH, of Wuppertal,
creates corrective methods to offset
fluctuations in the composite fibre ma-
terial and manufacturing process.

Because of their very good weight-spe-
cific mechanical properties, fibre-rein-
forced plastics (FRPs) are of great in-
terest for use in lightweight design
applications for the automobile and air
transport industries. But the world of
component manufacture is still domi-
nated by complex and cost-intensive
manufacturing processes that are cha-

A self-regulating production
plant makes it possible to
maintain defined properties
of composite components.

racterised by a low level of automation,
inefficient use of materials caused by
waste and high reject rates, and high
component costs. In turn, this means a
high potential for productivity increa-
ses, which must be achieved by digita-
lising production and networking pro-
duction machinery. Thisis the objective
of iComposite 4.0. The project pursues
the approach of building up an intel-
ligent, self-regulating production sys-
tem for the commercially feasible mass
production of FRP components. In addi-
tion to increasing productivity, it aims
to achieve a cost saving in the order of
50 percent.



The basis for this resource-efficient
production system is the 3D fibre in-
jection moulding process developed at
IKV. This involves cutting endless fib-
res (fibre rovings) to the desired length
automatically and with a high volume
throughput, aligning them, and apply-
ing them to a complex layering tool.
The procedure is able to manufacture
a preform with a high level of produc-
tivity, with no wastage of costly semi-
finished fibre products or labour-in-
tensive draping processes, to closely
approximate the final desired contour
and incorporate the load paths typical
of the component.

Targeted offsetting of fibre
distribution

To enable the 3D fibre injection moul-
ding process to be used effectively in
series production — despite possible
fluctuations in terms of fibre orienta-
tion and surface weight — it has been
incorporated in a self-regulating pro-
duction system. Inline monitoring of
fibre orientation and distribution in
every preform enables the fluctuations
to be offset using endless fibre inserts.
The result is a quality-assured com-
ponent with constant mechanical pro-
perties, despite the individual semi-
finished product properties, following
customised impregnation for each pre-
form.

The networked production system be-
gins with 3D fibre injection moulding,
which is used to create the basic struc-
ture of the component. Fibre strands
are then applied with great precision to
take account of the relevant stresses,
to pick up the peak loads in the compo-
nent and at the same time offset the
fluctuations in component properties
created by the fibre injection moulding
process. The subsequent stages of
resin injection and forming in the press
then influence the deflection of the tool
to achieve the desired component wall
thicknesses. The manufacturing his-
tory is stored in an RFID chip integra-
ted into the component.
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The object of the multidisciplinary project iComposite 4.0 is to achieve commercially feasible
series production of components using fibre-reinforced plastics by improving resource efficiency.

Other research projects at IKV on
the subject of lightweight design
involve describing and making tar-
geted use of the material behaviour,
weight and property-optimised simu-
lation and component layout, the use
of the right production technology,
and the repair and recycling of light-
weight components.

From material testing to foam
manufacture

The mechanical properties of fibre-
reinforced plastics, their fatigue be-
haviour and creep and relaxation be-
haviour all play an important role in
the various applications. To be able
to estimate these values, IKV is inves-
tigating the property profiles of FRPs
with short and long fibres, and is
constantly optimising the measure-
ment process.

A new opportunity to characterise fa-
tigue performance is provided by tests
on pre-series test pieces. These are less
costly than the fatigue tests traditio-
nally performed on real components,
and provide characteristic data for a
given material independently of the
component. Aninclusive method of cal-
culation is recommended to estimate
the long-term behaviour of fibre-rein-
forced components that use long fib-
res, in particular. This method consists
of an interface to link a filling simula-
tion using the principles of flow mecha-

nics to a simulation based on structu-
ral mechanics, and of a material model
developed in-house.

Foams are also used in lightweight
design applications. These are produ-
ced in arange of processes using diffe-
rent materials. One approach involves
physically foaming polyurethane (PUR).
This is a polymer used in padding, in
shoe soles, and in sandwich cores. The
most suitable method in this case is
the cost- and material-efficient proce-
dure of physical foaming using carbon
dioxide. Another approach involves the
chemical foaming of thermosets using
injection moulding, which is the object
of a research project begun last year.
Thanks to their high temperature resis-
tance, lightweight thermoset compo-
nents offer huge potentials for auto-
mobile applications. The initial results
show that they can be used to manu-
facture components, and that weight
reductions of up to 20 percent can be
achieved.

)

Scientific Director

Fibre-Reinforced Thermoplastics
Institute of Plastics Processing (IKV)
in Industry and the Skilled Crafts

at RWTH Aachen University

Aachen

www.ikv-aachen.de
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Hybrid components can be welded

UWE REISGEN AND JENS LOTTE

Demand for hybrid components is picking up quite substantially, since the combined properties of

plastics and metal are particularly well suited for use in lightweight design strategies. An innovative

procedure should make it possible to weld metals and fibre-reinforced plastics. Examples of applica-

tion are structural components for the aircraft industry (vertical stabilisers, engine cowls), and cowl

elements for automobiles (side panels, rear spoilers) and utility vehicles (bonnets, raised roofs).

There are technical challenges to joi-
ning fibre-reinforced plastics (FRPs). It
is very common for bonds of thermo-
set FRPs and steel to be glued. Gluing
processes, however, require labour-
intensive surface pre-treatment and
fixing strategies. These additional pro-
cessing stages make the overall pro-
cess longer. The lengthy curing times
required for many adhesives are also
problematic.
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This type of bond can also be produced
using mechanical joining technology.
Mechanical joining methods such as
screwing or semi-hollow punch riveting
cause significant damage to the rein-
forcing fibres, however, which in turn
impacts on the strength of the compo-
nent. As a consequence, FRP compo-
nents have to be overdimensioned at
the point where they are joined. This is
not a suitable procedure from the pers-

Welding an inserted hybrid test piece
on a capacitor discharge welding
system.

Hybrid test pieces made of fibre-
reinforced plastics and steel can be
welded on an appropriate welding
system using a support for the test
piece made of synthetic resin bonded
paper.

pective of lightweight design. Although
various approaches have been tried
for the manufacture of plastics-metal
hybrids, there is still a need for ajoining
process that meets the technical and
economic challenges involved in com-
bining metal and FRP.

An innovative approach being investi-
gated by the Institute for Welding and
Adhesion Techniques (ISF) at RWTH



A finished welded hybrid test piece can be seen in cross-section.

Aachen University is based on the inte-
gration of metallic inserts into the FRP
during non-critical cycle times in semi-
finished product manufacturing pro-
cesses. This enables the component to
be processed locally using conventio-
nal welding methods. There are four
steps to this joining process, starting
with attaching pins to a base plate. One
possible procedure here uses the Cold
Metal Transfer (CMT) Pin from Fronius
International GmbH. This procedure is
suitable at a laboratory scale given its
great flexibility in terms of pin geo-
metry and arrangement, and its good
quantitative scalability.

CMT pin welding is an arc-welding pro-
cess. Pins are welded onto a base plate
using controlled electric pulses. During
FRP production, this base plate is inte-
grated into the semi-finished product,
which allows for metal-to-metal con-
tact. Once the resin cures, the part can
be welded to a connecting metal com-
ponent using conventional resistance
welding.

Component strength under testing

Tension-shear test pieces are produ-
ced and tested to demonstrate the
strength of such components. Once
21 pins have been welded, the base
plate is integrated in the FRP manufac-
turing process, resulting in an FRP
component capable of electrical con-

tact on both sides. The metallic side
uses steel in grades 1.0330 and 1.4301
as base plates and joint plates; the
pins consist of steel in grades 1.5125
and 1.4306. The FRP components are
manufactured at the Institute of Plas-
tics Processing (IKV) in Industry and
the Skilled Crafts at RWTH Aachen
University. Capacitor discharge welding
was selected as the form of resistance
welding used, since the short process
time involved causes very low heating
of the metal insert and thus of the
plastics. This is particularly important
to avoid heat damage to the plastics
during welding.

The series of tests using steel combi-
nation 1.0330 as the base and joint
plate achieved tensile shear strength
values of 10 kilonewtons with the uni-
directional fabric, and 9.7 kN with the
atlas tissue. The strength of the other
combinations using steel 1.4301 as the
base plate was ten to 20 percent lower.

Joining process with plenty of
freedom of design

Overall, the trials confirm the great
potential offered by the new procedure
in the area of joining different mate-
rials, in this case metals and FRP.
The project is sponsored by the Fede-
ral Ministry of Economic Affairs and
Energy via the German Federation of
Industrial Research Associations, as part
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of the programme for the funding of
industrial collective research (“IGF").

The joining procedure offers many
opportunities in terms of freedom of
design in the joining zone, since the
layout, number and geometry of the
pin structures can be flexibly adapted
to suit different requirements. The pro-
cedure can be used to achieve a sepa-
ration in terms of time and process
between manufacture of the semi-fini-
shed products and the joining process
itself. Conventional welding processes
can be used. Medium-frequency DC
welding can also be used in addition to
capacitor discharge welding. The trials
already demonstrate high static bond
strength values, which can be increa-
sed by coordinating the welding para-
meters and component geometries.

)

Professor Uwe Reisgen
Head of Institute

Jens Lotte

Research Assistant

Institute for Welding and Adhesion
Techniques (ISF)

at RWTH Aachen University
Aachen

www.isf.rwth-aachen.de
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New carbon composite technique helps
in the drive to reduce weight

MICHAEL METZLER

A new approach to carbon composite manufacture could finally enable the material to break

into series production automotive applications. The demand for lightweight materials to improve

CO, emissions, as vehicles become heavier and more complex, has never been greater but the

cost of composite manufacture has remained unaffordable in all but the most specialist niche

applications.

)
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The problem is the raw material. Most
composites begin as a sheet of woven
fabric which is cut into preforms, laid
up in a mould and impregnated with
resin. This condemns all the fibres to
be arranged in two directions, at O and
90 degrees, and to take the form of a
rectangle. For many applications, there
is huge wastage and the action of cut-
ting to shape means that the remaining
fibres are often not arranged in the
best way to carry the loads present.
This leads to the addition of further lay-
ers, with their fibres in the preferred
direction, making the finished part
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heavier, less efficient and more waste-
ful, increasing the cost.

TFP: a new approach that puts

the fibres where they are needed

To overcome these issues, a new
approach to composite manufacture,
called Tailored Fibre Placement (TFP)
has emerged from the embroidery
machine industry. Instead of weaving
all the fibres into a perpendicular ar-
rangement then cutting to the required
shape, the functional fibres are ar-
ranged in bundles exactly where they
are most needed for structural perfor-

The automotive industry
likes lightweight materials.
Layering and embroidering
machines allow custom-fit
and material-efficient
design using fibres.

mance and stitched into position on a
compatible textile or polymer base layer.
Production is entirely scalable through
the addition of more multi-head layer-
ing and embroidering machines.

A key advantage of TFP is that, through
selective stitching, it provides absolute
freedom of positioning, ensuring that
the fibres do not move during process-
ing and yet still permitting the preform
to be folded where required. This means
that, for the first time, a complex car-
bon composite 3D component can be
produced economically and consis-



tently, with low cycle times. The ability
to vary the stitching properties locally
means the preform can be stretched,
bent or folded without wrinkling. Fur-
thermore, fibre wastage is only 1-2 %
of the total.

Julius Sobizack from ZSK Stickmaschi-
nen GmbH, a Germany-based TFP lay-
ering and embroidering machine manu-
facturer, says that TFP is the gateway
to greater carbon composite design
freedom within the automotive sector.
Tailored fibre placement allows com-
plex 3D shapes to be created from a
2D preform in a quick and consistent
way, with a lower cost structure. It un-
locks significant design potential.

The equivalent in sheet metal working
would be the hydroforming of tailored
steel blanks with variations in section
where reinforcement is required. The
production of a 3D shape from the 2D
tailored blank is analogous to the
moulding of the composite preform to
create the finished part.

The benefits of being able to lay the
fibres in the direction of load, instead
of cutting across the fibres of a pre-
woven sheet, have been clearly demon-
strated in tests on components with
holes; TFP allows the fibres to be laid
around the hole. Under tensile testing,
instead of failing at the hole in the usual
way, the part fails as though no hole
was present and withstands up to 50 %
higher load before failing.

Achieving cost-competitive
manufacturing through automation
The improvement in production rates
and consistency is equally marked,
helping composite manufacturing to
compete more effectively with sheet
metal. CNC-controlled TFP machines
are available with multiple heads so, for
example, in the time it takes to make
one preform an eight-head machine
can make eight preforms, and large,
multi-head TFP machines can often be
installed for less than the cost of a typ-
ical automotive sheet metal forming
tool. One ZSK head can lay between

Technical embroidering machines allow radial and axial design of fibres according the

flux process that has been defined in the component.
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one and three kilograms of preform per
hour, and can handle two rovings of up
to 60,000 fibres each.

With scalability using multi-head ma-
chines and no requirement for com-
plex cutting table technology, TFP is a
cost-effective way into the composites
market. Automation helps not only the
economics of manufacture but the effi-
ciency and quality of the design pro-
cess. The growing use in the automo-
tive industry of biomimetics to produce
optimised structures by mimicking
nature requires the load-bearing fibres
to be distributed in exactly the right
orientations to carry the principal
stresses. Advanced software packages
are available that can convert the pre-
ferred component topology estab-
lished using an FE (Finite Element)
solver into a stitching pattern that
combines optimum fibre placement
with good manufacturability.

Improved recycling
The use of thermoplastic polymer to
create the matrix in a TFP composite
overcomes the recycling difficulties of
conventional composites that use ther-
moset resins. Whereas the thermoset
materials cannot be melted out, the
thermoplastic content can be readily
separated as it melts at around 200 to
300° C. Due to near-net shape produc-
tion, less manufacturing waste mate-
rial is generated and this reduces the
need for recycling at the production
stage.

[
Michael Metzler
Sales Director
Technical Embroidery Systems
ZSK Stickmaschinen GmbH

Krefeld
www.zsk.de
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Lightweight design in mass production
using wet compression moulding

JENS WINIARZ

Lightweight design is finding its way into small-scale and mass production in the automobile
industry. The emphasis is on innovative plastics components. There is hardly any other product
category in which so many new processes have developed in such a short time. The lightweight
design specialists at Hennecke GmbH have made improvements to wet compression moulding
technology to deal with these tasks.

Wide-slot nozzle for wet
compression moulding:

this production method is
suitable for series production
of fibre-reinforced structural
components. The reactive
mixture is applied to the fibre
roving as a fluid film. This

is done either using robot-
guided application, or directly
within the tool.

Making full use of the range of pro-
perties offered by different plastics is
leading to entirely new processing meth-
ods for the manufacture of automobile
components. Users are encouraged to
take a proactive approach to light-
weight design in automobile manufac-
ture. Hennecke uses wet compression
moulding (WCM) technology to sup-
port high-volume production of fibre-
reinforced structural components.

To accommodate a wide range of de-
mands, key improvements have been
made to wet compression moulding.
WCM technology is an efficient pro-
duction method for high-volume pro-
duction of fibre-reinforced structural
components. It involves applying the
reactive mixture to the fibre roving
contactlessly as a fluid film. This is
done either at a separate work station
using robot-guided application, or di-
rectly within the tool.

Graphics: Hennecke
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In the separate work station, the fibre
roving is guided by one or more robots
below the WCM nozzle in the mixing
head. The reactive mixture is then
applied to the fibre roving, and the
robot then positions the impregnated
roving perfectly in the tool. The press,
together with the tool, then closes and
ensures the reactive polymer is evenly
distributed. Once it has cured, the
component can be removed for trim-
ming.

When WCM technology is used with
complex geometries or large compo-
nents, the material can be applied
directly in the lower die. In such cases,
the lower die is typically removed from
the press to ensure maximum acces-
sibility. Once the material has been
applied, the tool is returned to the
press, which closes and the curing
process begins.

Hennecke developed the WCM nozzle
with wide-slot geometry with an eye to
fast and easy maintenance. As aresult,
it can be positioned by a single opera-
tor in a matter of seconds - or replaced
if maintenance is required. The wide-
slot nozzle is positioned in angle in-
crements to ensure reliable reprodu-
cibility. This single-user maintenance
approach also served as a model for
the development of a new mixing head
for rapid colour changes in the field

Dosing machines offer a cus-
tom-fit processing system for
all current matrix systems of
fibre composite components.
The modular construction
conforms to production needs
and becomes integrated in
automated production lines.

of component surface treatment. The
nozzle has given the lightweight design
method a new boost. It differs from
previous nozzles thanks toitsimproved
wide-slot geometry, and also offers
additional safety functions.

One benefit with the nozzle is in retro-
fitting: it can be fitted to all HP-RTM
mixing heads of the latest design cur-
rently on the market. As a result, labo-
ratory facilities can be expanded to
include the latest technology using the
WCM functionality. The WCM technol-
ogy is much less demanding on the
production process than the HP-RTM
process, for example, in terms of the
complexity of the moulding tool.

Processes in combination

Production systems can be combined
for wet compression and HP-RTM ap-
plications. The HP-RTM process works
with high-pressure machines and is
fitted with RTM mixing heads. The
combination of both processes makes
rapid series manufacture of large light-
weight components possible, for elec-
tric mobility, for example. One optioniis
for a combined plant to be fitted with
two mixing heads. The first is used as
an HP-RTM mixing head and is attached
to a tool inside the press to inject the
reactive raw material directly into the
tool and infiltrate the fibre roving. The
second mixing head is fitted with the
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wide-slot distributor. It is controlled
by a robot to enable the automatic
application of resin onto the fibre rov-
ing outside the press. The two mixing
heads make it possible to switch bet-
ween the two technologies with only a
short changeover time. As a result, dif-
ferent fibre composite components
can be produced using the same plant.
The HP-RTM process is ideally suited
for the manufacture of complex 3D
components, while wet compression
moulding is used in the efficient manu-
facture of large and less complex fibre
composite components.

Jens Winiarz

Head of Sales Composites
& Advanced Applications
Hennecke GmbH

Sankt Augustin
www.hennecke.com
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