Filament winding, compression molding
combine on BMW M4 GTS carbon fiber hood

BMW's newest M4 GTS features an all-carbon fiber hood developed in just nine months and
manufactured with filament winding and compression molding.

Cytec Solvay (Heanor, UK) is debuting today at the JEC 2016 trade show in Paris, France, a
novel all-carbon fiber composite hood that it helped develop for the BMW M4 GTS, in
cooperation with fabricator C-CON GmbH (Munich, Germany) and automotive metals
specialist Lapple AG (Heilbronn, Germany).

Developed and prototyped in just nine months, the hood represents a substantial step-change
in automotive parts fabrication and shows how composites fabrication can be adapted to fit
within the established automotive manufacturing supply chain.

BMW, which has already made a name for itself with the liberal use of composite materials in
the i3 and i8 vehicles, approached C-CON with the idea of converting the M4 GTS hood from
aluminum to carbon fiber composites. C-CON, in turn, turned to Cytec (at the time not yet
acquired by Solvay) for help developing the materials and processes required.

Alex Aucken, global automotive director Industrial Materials at Cytec Solvay, says short
development window put tremendous pressure on all of the companies involved, but in the
end, the materials and process developed produced a hood not only 40% lighter than its
aluminum predecessor, but one that is also cost-effective and viable in other applications.

The 8-kg hood consists of a 1.2-mm thick Class-A outer panel bonded to a 1.2-mm thick inner
structure, with additional carbon fiber composite reinforcements near two corners to support
hinge components.



The novelty of the hood is in its resin matrix and its layup. The former is an epoxy developed
by Cytec for the application, called MTR 760. Layup, atypically, is provided by filament
winding.

Aucken and Tim Wybrow, application research and engineering manager at Cytec Solvay, say
that the process developed involves in-situ application of MTR 760 resin on a 24k tow carbon
fiber just prior to filament winding around a 1m diameter mandrel, in an optimized angle and
layer configuration. After winding, this prepregged layup is removed from the mandrel and
then slit to create a flat blank, which is then cut to shape, either for the outer or inner panel.
One filament-wound layup is large enough to provide material for up to three tailored blanks.

For consolidation and cure, a tailored blank is placed flat between two layers of thermoplastic
film, which are clamped in place, under tension, by a metallic frame. Cytec Solvay calls this
the double-diaphragm forming process that, says Aucken, obviates the need for preforming
and allows the carbon fiber blank to take the shapes required — some very complex — with
minimal wrinkling.

The entire frame is then placed in a metallic mold in a compression press and cured in less
than 5 minutes. Finished parts are cut and trimmed in preparation for assembly and bonding.
C-CON does all of the filament winding and blank preparation. L&pple does the compression
molding, trimming, cutting, and assembly.

Although technically the compression process is relatively straightforward, it is symbolic of a
larger problem that the automotive and composites industries face: How to integrate
composites molding processes with the metals-based legacy processes that the automotive
industry employs?

In the case of the BMW M4 GTS hood, the task was to develop a composites fabrication
process that could be adaptable to Lapple’s metal-forming machinery. This would allow
Lapple, which has experience as a BMW supplier, to easily convert to composites fabrication
without the capital equipment investment that might otherwise be required. For this reason,
the M4 GTS hood is molded on a metal-forming press. “Optimizing the logistics of a metal
pressing line was paramount for this project,” says Aucken. “We have to fit into the existing
infrastructure,” says Wybrow.

The result is a hood that meets all of BMW’s requirements for cost, strength, stiffness and
pedestrian safety. It has, says Wybrow, a void content of 1.2%, and its Class A surface is
easily paintable. BMW is making only a low volume of M4 GTS models with the carbon fiber
hood, but the aftermarket for the part is considerable given the hood’s compatibility with
other M3 and M4 models. Further, the hood proves the viability of using filament winding as
a layup process combined with standard compression molding.
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