MATERIALS Composites

New Technology for Lightweight Construction with Sandwich Structures

Developed for Series Production

Sandwich composites with continuous fiber-reinforced plastic face sheets offer optimum lightweight

performance and associated material efficiency in the implementation of large-area structural components.

The TS molding technology is based on a novel thermoforming process and was specifically developed for the

fully automated production of continuous fiber-reinforced sandwich components with thermoplastic matrix

in large series.

Sandwich structures are used for wind turbine rotor blades and other applications. e pixabay

Sandvvich structures made of highly
rigid and strong face sheets and a
lightweight core exhibit very high
weight-specific bending and buckling
stiffness. They are therefore mainly used
for large-area lightweight structures
which are prone to buckling, such as
wind turbine rotor blades, boat hulls,
truck trailers, aircraft wings, flaps and
fuselages [1, 21.

The lightweight effect of sandwich
structures is based on the principle of

Steiner [3], according to which the area
moment of inertia increases with the
square of the distance between the two
face sheets. The core essentially takes
over the task of the spacer and is firmly
connected to the two face sheets. The
mechanical behavior of the structures is
described by sandwich theory [1, 2]. For
structures subjected mainly to bending
loads, the sandwich design can demon-
strate a weight saving potential of up to

70% compared to monolithic structures.

For large-area structures in the
above-mentioned applications with
rather small quantities, sandwich
constructions based on thermoset
fiber-reinforced composites in the outer
layers and corresponding foam or
honeycomb cores have been used
predominantly up to now. Due to the
partly manual processing sub-steps and
chemical curing reactions, the cycle
time is often in the range of several
hours.
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Fig. 1. Process engineering implementation of thermoplastic sandwich molding. © Fraunhofer IMws

Lightweight Structures in
Large-Scale Production

In order to make the enormous light-
weight construction potential and the
associated material and resource effi-
ciency of fiber-reinforced composite
sandwich construction usable also for
components produced in large quan-
tities, the use of thermoplastic fiber-rein-
forced composites and core materials for
the realization of corresponding sand-
wich components has been researched
for several years [4-6]. Various process
routes for the production of molded
sandwich components can be consider-
ed, which differ in the sequence of steps,
molding and consolidation of the com-
posite (bonding of core material and
face sheets).

With the thermoplastic sandwich
molding technology (TS molding), a
process was developed at the Fraun-
hofer Institute for Microstructure of
Materials and Systems IMWS, which
enables the processing of pre-consoli-
dated, thermoplastic sandwich semi-fin-
ished products. In this process, the shap-
ing step takes place by thermoforming
in a closed mold, which also enables
additional functionalization by injection
molding [7].
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Thermoplastic sandwich semi-fin-
ished products consisting of a thermo-
plastic foam or honeycomb core and
face sheets of fiber-reinforced thermo-
plastics, for example in the form of fab-
ric-reinforced organosheets or laminates
of UD tape single layers.

Transfer to Industrial Practice

In the research work of the Fraunhofer
IMWS, the thermoplastic honeycomb
core sandwich of ThermHex Waben
GmbH was investigated. The honey-
comb core made of polypropylene (PP)
is produced in a continuous process and
consolidated with glass fiber-reinforced
(GF) face sheets to a flat sandwich semi-
finished product. For the development
of the TS molding technology, an injec-
tion molding machine equipped with IR
oven and hot handling system (type: KM
200, manufacturer: Krauss Maffei) at the
Fraunhofer Pilot Plant Center for Polymer
Synthesis and Processing PAZ was used.
The implementation of appropriate
mold and processing technology on a
pilot scale enables the efficient transfer
of research results into industrial prac-
tice. Based on preliminary investigations
of the thermoforming behavior of
thermoplastic honeycomb core »
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Company Profile

The Fraunhofer Pilot Plant Center for Polymer
Synthesis and Processing PAZ is a joint initi-
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Potsdam-Golm and for Microstructure of
Materials and Systems IMWS in Halle
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Save the Date

The application of TS molding technology
for automotive components is currently
being investigated in ongoing R&D pro-
jects. The first results are to be presented
at the Composite Sandwich Conference,
which is scheduled for April 24 and 25,
2024, and will be organized by the Fraun-
hofer IMWS, among others.
www.faserverbund-sandwich.de
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sandwich semifinished products, a plant

and mold concept was developed and

implemented (Fig. 1).

The process (Fig. 2) includes the
following steps:

1 Heating of the sandwich semi-fin-
ished product in an IR radiation fur-
nace,

2 transfer to the temperature controlled
forming tool,

3 thermoforming of the heated sand-
wich semi-finished product,

4 functionalization via injection mold-
ing and

5 removal of the ready-to-use compo-
nent.

Based on tests with a sandwich semi-fin-

ished product with a total height of

10mm, a PP honeycomb core and cross-
ply laminate face sheets made of
thermoplastic UD tape GF/PP individual
layers, a cycle time of approx. 1 min.
could be demonstrated. For this pur-
pose, a sandwich component demon-

strator with dimensions of 300x 355 mm?

was 3D thermoformed and additionally

functionalized at the edge by means of
injection molding (Fig. 3). In addition to
forming a 3D contour, the thermoform-
ing process step enables core melting
and pressing of a circumferential edge

IR heating
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with corresponding transition geom-
etries, so that the sandwich component
ultimately has a closed edge.

In the same mold, further functional-
izations can then be realized in the area
of the closed edge. The component
demonstrator shows the possibility of an
injection-molded, circumferential edge
with locally inserted metallic thread
inserts as potential fastening points.

Collapse at too High Temperatures

The greatest challenge in the develop-
ment of the thermoforming process for
thermoplastic honeycomb sandwich
structures was the targeted setting of
the temperature condition of the sand-
wich semi-finished product required for
forming. On the one hand, the sandwich
must be heated in such a way that 3D
forming is made possible by shear de-
formation and single-layer sliding in the
face sheet layers. On the other hand, the
honeycomb core is in danger of collaps-
ing if the temperature is too high.

To support process development,
extensive process simulation models
were developed which can describe
both the temperature-dependent 3D
deformation and the core melting and

Transferring

functionalization for the sandwich com-
posite in the interaction of its various
individual components (face sheets,
core, interface layer, injection molding
compound) (Fig. 4). Finally, systematic
process studies enabled the targeted
heating and stabilization of the sandwich
in the mold to be developed into a
robust process that can be implemented
on common injection molding machines
with appropriate IR heating technology
and hot handling system. This makes the
process comparable to the processing
and overmolding of organosheets. How-
ever, instead of organosheet, a thermo-
plastic sandwich semi-finished product
(organosandwich) is used, which enables
a further significant increase in efficiency
in terms of component weight and
material usage.

Prediction of the Structural Behavior

During thermoforming of the heated
sandwich semi-finished product, the face
sheets slide on the honeycomb core.
Due to the low elongation capacity of
the continuously fiber-reinforced face
sheets, material from the peripheral
areas of the component must be subse-
quently drawn in order to achieve mod-
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Fig. 2. Process diagram thermoplastic sandwich molding. source: Fraunhofer IMWS; graphic: © Hanser
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Fig. 3. Component demonstrators : 3D molded sandwich structure with injection-molded compo-

nent edge, sawed component (top) and variation of the face sheet material (black components).

© Fraunhofer IMWS

Fig. 4. Section
through the 3D
molded sandwich
structure with
honeycomb core
(top); process simu-
lation model of the
sandwich structure
(bottom).

© Fraunhofer IMWS

erate forming degrees. The honeycomb
core remains almost completely intact
during this process (Fig. 4): The cell walls
of the honeycomb structure are also
perpendicular to the face sheets in the
formed areas of the sandwich, thus
keeping them at a constant distance.
According to the sandwich theory,
external bending loads are mainly car-
ried by the face sheets. These are sub-
jected to compressive and tensile nor-
mal stresses. The honeycomb core is
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mainly loaded in shear and transmits

compressive loads in the thickness direc-

tion of the sandwich. The bending de-
formation of a loaded sandwich compo-
nent is thus determined both by the
stiffness of the face sheets and their
distance from each other and by the
shear stiffness of the core.

The behavior of honeycomb core
sandwich structures was therefore char-
acterized in corresponding flexural tests.
It is shown that a PP honeycomb core
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sandwich with a core height of 6 mm
and a GF/PP face layer with a thickness
of 0.5 mm has the same flexural stiffness
as a monolithic GF/PP laminate with a
thickness of 4.5 mm. However, the sand-
wich structure weighs only slightly more
than a quarter of the monolithic lami-
nate. This means that the weight saving
potential for the specific static bending
load case is more than 70 %.

For real components, of course,
further and typically combined load
cases have to be considered. Even then,
significant weight savings can still be
demonstrated with sandwich structures.
For the design of structures, numerical
methods such as finite element analysis
are used in addition to analytical design
rules. In combination with adapted
material models for the fiber-reinforced
face sheets and the honeycomb core,
they allow accurate prediction of the
structural behavior of 3D-formed sand-
wich components.

Conclusion & Outlook

TS molding technology enables large-
scale production of weight-optimized
lightweight structures. With thermoform-
ing and injection molding functionaliz-
ation, the principle of sandwich con-
struction can be efficiently transferred to
3D-molded lightweight components. In
this way, weight savings in the double-
digit percentage range can be achieved.

In numerous applications in the field
of mobility as well as mechanical and
plant engineering, significant contribu-
tions can thus be made to increasing
resource efficiency and reducing materi-
al consumption. In current research
projects, Fraunhofer IMWS is investigat-
ing the transfer of the developed tech-
nologies to concrete components in the
area of vehicle interiors as well as struc-
tural vehicle applications. m
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