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From Design to Volume Production

Successful Development Concept for the Touchpad on Mercedes-Benz Cars

Thanks to an innovative touchpad with a spherical surface, owners of current Mercedes models can now drive
more safely. Unlike with previous models, they are no longer distracted from the road ahead by having to oper-

ate many different switches. This new development was made possible by the early and trusting cooperation of

all partners involved in the project.

Driving has now become more than
just a journey from A to B. Manufac-
turers of premium cars, in particular, want
to offer their customers a package of
technology, quality, and lifestyle. This
ranges from engine technology and driv-
er assistance systems through control
concepts for various functions and in-
strument displays to design of the cock-
pit and complete interior. At the same
time, new functions, infotainment and
comfort systems, and internet services
must be integrated into cars [1]. This gives

rise to new challenges like intuitive con-
trol in order not to distract the driver, the
creation of important spaces for design,
and efficiency in the diversification of
production.

Many manufacturers have taken an
important step towards “clean up ” the
control element landscape and simplify-
ing operation of the controls with the in-
troduction of the scroll wheel (Fig.1) as a
central control element. On the other
hand, smart phones and tablets with in-
tuitive control (gesture control) on the

touch display have become part of the
everyday experience of the majority of
the population. This was the starting
point for the vision of the designers and
engineers at Mercedes-Benz AG, Sin-
delfingen, Germany. But straightforward
transfer of cell phone technology was not
an option for reasons of driving safety.
Continually reading the traffic situa-
tion and reconciling it with their own in-
tentions is a primary task of vehicle driv-
ers. Searching for switches and looking at
displays that are usually outside the driv-
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er's field of vision to check selection of
the required switch function can distract
the driver from the road ahead. Finally, it
is important to ensure durability because
a car is not designed to last just two or
three years. This applies particularly to the
actual control interface.

Materials and Processes

The control interfaces of the touchpad
must withstand mechanical abrasion
during use and (often careless) cleaning
with chemicals, creams or cleaning
agents. Their original material properties
should not essentially change through-
out the entire period of service.

Of all the possible thermoplastic ma-
terials that could be used, PMMA (poly-
methyl methacrylate) has the highest sur-
face hardness and scratch resistance. But,
nevertheless, for applications with very
high requirements such as the touchpad,
even PMMA components must be given
an additional coating to protect against
scratching and chemically induced wear,
such as matting and stress cracking. For
this reason, the specialists at Mercedes-
Benz chose an injection/compression
molding process with integrated surface
coating as the material/process concept
for this application. The process is known
by the brand name CoverForm (table1).

In conventional production of such
components, a separate coating opera-
tion in a coating line follows the injection
molding process. The whole process nor-
mally comprises 14 steps. The CoverForm
process [2], developed by the materials
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Table 1. Selection matrix for materials to produce the touchpad surface (source: Daimler)

specialists at Evonik Performance Materi-
als GmbH, Darmstadt, Germany, in collab-
oration with experts in injection molding
and reaction technology from KraussMaf-
fei Technologies GmbH, Munich, Germa-
ny, does the same job in only four steps.
The injection molded PMMA component
is flooded with a reactive system directly
in the injection mold in a second step
and then thermally cured. After demold-
ing, curing is completed with UV radia-
tion. Although in-mold coating length-
ens the cycle time by about 10 to 155
compared with standard injection mold-
ing, many downstream processing steps
are eliminated, such as cleaning the com-
ponent surface or the application and
flash-off of primer and hardcoat, which
often lead to defects and reject parts. The
whole process is carried out in a compact
production cell. It takes up considerably

Fig. 1. Cockpit of the old C Class with many different switches in the center console (figure: Daimlen
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less space and production time than con-
ventional production methods and sim-
plifies the logistics.

The material system developed by
Evonik comprises two components: the
PMMA molding compound supplied in
pellet form under the name Plexiglas cf
and the liquid two-part reactive system
cf30 for the scratch-resistant coating.
The suffix cf denotes PMMA molding
materials and reactive systems optimally
tailored for this process. The solvent-
and siloxane-free reactive coating sys-
tem consists of monomeric multifunc-
tional acrylates and a thermal initiator.
Before processing, the system is cooled
and homogeneously mixed into a “quasi
one-component system”. When stored
away from light at the specified low tem-
peratures, this mixture remains usable
for a sufficiently long period of time.
After curing, the molding material and
reactive system form a tight interlocking
bond without a phase boundary, since
the reactive system penetrates into the
substrate and is firmly anchored to it by
chemical bonds. This surface continuity
and the well matched refractive indices
of the coating and plastic prevent opti-
cal interference that would be manifest-
ed as undesirable rainbow effects on the
surface.

Tailored to Each Other

In the CoverForm process (Fig.2), PMMA is
injected into the mold cavity and com-
pressed (injection compressing molding).
After a short cooling phase to consolidate
the thermoplastic, the cavity is expanded
by a few tenths of a millimeter and »
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AUTOMOTIVE PMMA

Injection of Plexiglas cf

Demolding

Compression molding and cooling

=

UV crosslinking

Fig. 2. Schematic diagram of the CoverForm process (figure: Evonik)
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the coating is injected with microliter pre-
cision at exactly the required tempera-
ture so that the entire component surface
can be flooded. In the following com-
pression molding stage, the acrylate sys-
tem is spread over the component sur-
face in the desired coating thickness of
about 30 um. At the same time, the mold
is heated very quickly to the starting tem-
perature for crosslinking (polymerization).
The reactivity is tailored so that, after
thermal crosslinking and cooling, the
molded part can be demolded by a robot
without any problem and UV post-cured
in the production cell within the injection
molding cycle. It is this second crosslink-
ing step that gives the component its
final, excellent chemical and mechanical
properties. Two-stage crosslinking also
guarantees that the entire coating pro-
cess lengthens the injection molding cy-
cle by no more than 10 to 15s. The actual
curing process accounts for only about 1s
of this extra time, while the rest is taken
up by heating and cooling.

The entire fine tuning of material
properties and process technologies in-
volved close cooperation between Krauss-
Maffei and Evonik. For successful industri-
alization of the process, however, a suit-
able mold concept also had to be devel-
oped. Sealing the mold cavity from the
low-viscosity coating component proved
a major challenge. Sealing of steel on
steel, as in the case of thermoplastic
melts, is impossible since the coating im-
mediately penetrates into the split/mold
gap and clogs this up. Another partner,
the moldmaker Foboha (Switzerland) AG,
Muri, Switzerland, came on board and

Injection of the reactive system

Compression molding
and thermal crosslinking

Coated component

Fig. 3. Comparison of the abrasion resistance
(Crockmeter with wool felt 9N) of test parts
made from PMMA (above) and parts pro-
duced by the CoverForm process (below)

(figure: Evonik)

solved this challenge by integrating the
Thermostop technology patented by
KraussMaffei. A further challenge was to
achieve the uniform coating thickness of
20 to 30um over the entire coating sur-
face. This required the additional task of
measuring the coating thickness of the
chemically and optically very similar ma-
terials of the composite (Fig. 3).

Collaborative Development

Collaboration between Evonik and Krauss-
Maffei began back in 2006. The partners
in the project were clear from the begin-
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ning that the technology could only be
successful if material and process devel-
opment went hand in hand. As early as
2007, the two companies presented a
concept study of CoverForm at K2007 in
Dusseldorf, Germany, which attracted a
great deal of interest from trade visitors.
Since the end of 2009, Evonik has operat-
ed a competence center at its Darmstadt
site in Germany. There, customers and
others interested in the technology can
have samples and initial prototype stud-
ies produced.

Daimler and the automotive supplier
Continental AG, Babenhausen, Germany,
were interested in the new technology
from early on. Evonik and KraussMaffei
had already carried out numerous stan-
dardized tests that demonstrated the re-
quired material properties. There then fol-
lowed further tests of the type normally
conducted in the automotive industry.
Since Evonik and KraussMaffei had very
carefully analyzed market requirements
at the beginning of the development and
drawn up appropriate specifications, they
did not have to alter the material system
to meet the requirements of these poten-
tial customers [3]. But the infant technolo-
gy now had to demonstrate the readiness
for industrial application necessary for a
Mercedes. The components passed
through several sample phases in which
the design requirements could still be
significantly altered. For these intermedi-

Fig. 5. View into the cockpit of the new C Class with the intuitive touchpad (figure: Daimlen

PMMA AUTOMOTIVE

Fig. 4. The universal test specimen mold developed by Daimler was adapted for the Cover-

Form process in order to test important material properties, mold design principles, and process

parameters at an early stage of development (figure: Evonik)

ate steps, the process developers had
once again to demonstrate that the al-
tered design requirements could also be
fulfilled with this technology.

An important step on the way to in-
dustrial readiness was the adaptation of
the universal test specimen developed
by Daimler (Fig.4) to CoverForm technol-
ogy. This universal test specimen is a
complex component used by develop-
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ers to thoroughly test new technologies
and materials intended for volume pro-
duction of vehicle interior parts. In this
way, the strengths and weaknesses of
new technologies and materials can be
identified at an early stage of develop-
ment. The reactive system had to dem-
onstrate on this test specimen that it
could reliably cover structures, ramps,
angles or ribs and was able to crosslink
there. This test specimen also has surfac-
es that enable various surface tests to be
conducted in accordance with Daimler
Benz standards (DBL).

As a result of their close cooperation,
all those involved in the project were able
to complete development of the process
on-time according to the specifications of
Continental, the current volume producer
and electronics specialist, and Mercedes.
The whole touchpad has to be extremely
durable with a long service life. It is re-
quired to operate in a temperature range
of -40 to +80°C, withstand loads of 80kg,
and survive two million actuations un-
scathed.

In Volume Production since 2014

The Mercedes CClass that went into vol-
ume production in 2014 is the first model
in which a touchpad with a spherical sur-
face (Title figure, Fig.5) can be used to con-
trol nearly all the functions that the »
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AUTOMOTIVE PMMA

' An electromagnetic actuator
creates the haptic feedback
sensation

* 3-dimensional sensor signal
conditioning prevents error

Fig. 6. Section through the C Class touchpad (below left) and schematic diagram of the electro-

magnetic haptic feedback system (above) (figure: Daimler)

driver is able to change. The system is
called “Command online” by Daimler
(The familiar scroll wheel is still retained
to make the transition to the new system
more acceptable for the user). At the
time the new Mercedes-Benz touchpads
were introduced, other touchpads fitted
in cars still used flat surfaces like on note-
book computers and offered no haptic
feedback.

The newly developed touchpad,
which is now fitted in almost all Daimler
models launched on the market after the
CClass, such as the V, S, GLC, GLE, and GT
classes, has similar haptic feedback (called
ForceFeedBack by Continental) (Fig.6) to
that of conventional switches. As a result,
the driver is much less distracted when
using the touchpad.

Interesting for Many Sectors

On the development path to production
readiness, a series of pilot projects were
also started to explore the use of this
surface technology in entertainment
electronics, household appliances, build-
ing services engineering, and clocks [4].
On the basis of the CoverForm process,
Evonik and KraussMaffei together with
glass finishing specialist Flabeg Deutsch-
land GmbH, Nuremberg, Germany, pro-
duced reflection-free, scratch-resistant
plastic covers [5] that could also be suit-
able for instrument displays in vehicle in-
teriors. Since this process produces a
surface that requires no further finishing,
high reproducibility is ensured. The pro-
cess also has the potential to produce

adjacent glossy and matt areas on the
same surface, while still retaining high
scratch resistance and stability to chemi-
cals [5].

Complete Solution for End Customers

For the industry partners involved in
the development and volume produc-
tion launch of the touchpad, Cover-
Form is an important innovation. The
entire injection molding process, in-
cluding scratch-resistant coating, takes
place in a machine that is globally
unique. The technical requirements are
high — whether as regards the accuracy
of the gap size for opening the cavity to
flood the component or dynamic tem-
perature control of the mold. This inte-
grated process also makes an important
contribution to the sustainability initia-
tive of the VDMA (German Engineering
Federation) [6].

For Evonik, the CoverForm process of-
fers the possibility not only of supplying
material but also of providing a complete
solution for customers. Tests conducted
at the Darmstadt competence center
have now confirmed that CoverForm also
works with other plastics, such as the
copolymers ABS (acrylonitrile-butadiene-
styrene) or ASA (acrylic ester-styrene-
acrylonitrile).

This latest development shows how,
by harnessing the potential of all project
partners, customer requirements can be
rapidly and effectively implemented in
open, cooperative partnership. m
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