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S
liced fine wood veneers with natu-
rally grown structures in thickness-
es from approx. 0.4 to 0.7 mm are

the starting product that HIB – Trim Part
Solutions Bruchsal GmbH & Co. KG,
Bruchsal, Germany, processes to produce
decorative facings for instrument panels,
center consoles or vehicle doors (Title pho-
to, Fig. 1). Every sheet of veneer is unique
and is inspected by specially trained per-
sonnel in order to mark the zones suit-
able for further processing. During cut-

ting, close attention is paid to ensuring
that the grain is perfectly emphasized in
each case for the intended component.
Only a deeper understanding of the
wooden natural product allows several
sheets of veneer to also be combined in-
visibly with one another and preformed
for curved design surfaces for the produc-
tion of larger surfaces.

In order to back-mold such decorative
elements with a thermoplastic and to pro-
tect the surface with a transparent
polyurethane in a single production
process, Engel Austria GmbH, Schwert-
berg, Austria, presented the combination
of an injection molding machine with a
PU machine for the first time at its sym-
posium in May 2009 under the name
Clearmelt. At that time the production of
decorative parts for the insides of ve-

Scratchproof Depth Effect
in One Step
Surface Technology. Particularly in motor vehicle interiors, designers can give free

rein to their creativity in order to serve the emotions of the car buyer. Fine woods,

for example, impart a touch of luxury. One automotive industry supplier is now

working on the low-cost production of high-quality, resistant decorative wood

parts by combining for the first time thermoplastics processing with reactive and

wood processing in a single manufacturing cell.

Fine woods impart a touch 
of luxury to vehicle interiors

(photo: Votteler)

Fig. 1. Visible fine wood parts can be produced
cost-effectively using the Clearmelt process
(photo: Votteler)>
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hicle doors was demonstrated (Fig. 2). De-
velopment partner on the mold making
and processing side is Schöfer GmbH,
Schwertberg, exclusive project partner for
the polyurethane technology is Hennecke
GmbH, Sankt Augustin, Germany. The
materials come from Bayer Material-
Science AG, Leverkusen, and Votteler
Lackfabrik GmbH & Co. KG, Korntal-
Münchingen, both Germany.

Protective Coating and More

The polyurethane layer fulfils several
functions at the same time. The main fo-
cus is on the protection of the high-qual-
ity surface on the one hand against chem-
ical attack, e.g. from sun cream or per-
fume, and on the other hand against me-
chanical damage caused by rings,watches,

ballpoint pens or fingernails. Important
side-effects are the high degree of gloss of
the protective coating and the elegant
depth effect that is created even with a
thin coating.

The current state-of-the-art offers two
fundamentally different methods for ap-
plying a transparent and optically attrac-
tive protective coating to the compo-
nents.

Lacquering: The simplest possibility is
lacquering, although the plastic carrier
has to be degreased and cleaned for the
multi-stage process before it is coated –
either by robot or by hand – with unsat-
urated polyester lacquers. Several passes
are generally necessary, as a depth effect
is created only above a coat thickness of
approx. 0.5 mm. The waiting times be-
tween the individual coating passes for
the cross-linking of the last coat applied
make this process extremely time-inten-
sive. As a rule, the intermediate gel times
are around 20 minutes.Altogether, a mul-
ti-coat lacquering takes around three
hours. Added to this is a curing phase of
around 72 hours before the part manu-

factured with oversize can be ground
down to the desired dimensions and pol-
ished. Further disadvantages are the risk
of scrap production and the unavoidable
overspray. One advantage, on the other
hand, are the high degrees of freedom in
the component geometry.

ClearRIM: In order to achieve the coat-
ing in the desired thickness in just one
process step, the plastic carrier can be
placed into a cavity with oversize and the
remaining gap is filled with PU. This
process is known as ClearRIM. Flooding
and cross-linking take two to three min-
utes, and the component can be further
processed after roughly 24 hours.A grind-
ing process is not necessary, residues of
release agents are removed by polishing.
Apart from the time saving, this process
offers further advantages compared with

the multi-coat lacquering: On the one
hand, the efficient material input as there
is barely any overspray and only very lit-
tle material loss due to flash and venting,
and on the other hand the surface finish
can already be controlled via the surface
condition of the mold.A disadvantage re-
mains the multi-stage production process
for the component, as the plastic carrier
first has to be produced, stored and trans-
ported to the press. Components with
large numbers of ribs and screw bosses,
in particular, cannot be simply placed on-
to a new core again after demolding. This
is only possible by using relief, which in
some cases can lead to flaws.

Multi-component injection molding:
Multi-component injection molding of-
fers a possibility for avoiding having to
remove the carrier from the core in the
first place, and also eliminates the need
for storage and handling of the carrier.
The component is produced completely
in one manufacturing cell. Typical mate-
rials for the carrier are PC+ABS as well as
glass fiber-reinforced SAN grades.PMMA
or PC are predominantly used for the

transparent components. Since work is
carried out simultaneously in both halves
of the mold and the necessary curing
times correspond to the normal cooling
times for thermoplastics, a cycle time of
one minute is realistic by contrast with
the reactive processing of polyurethanes.
The all-thermoplastic solution also sim-
plifies recycling. In view of the high vis-
cosity of thermoplastics, however, a rela-
tive thick coating has to be expected, and
excessively long flow lengths need to be
avoided. In some cases the PMMA does
not have a sufficiently high scratch resist-
ance and the part also has to be lacquered.
An equally undesirable aspect is that the
high processing temperatures of the ther-
moplastic molding compounds can lead
to slight changes in color with light-col-
ored decorative elements of real wood.

All three processes have their advan-
tages and disadvantages. The aim of the
development of the Engel Clearmelt
process was therefore to combine the
property-specific advantages of the mul-
ti-stage reactive system with the efficien-
cy of single-stage thermoplastic multi-
component injection molding. What was
already possible with pigmented PU
foams had to function also with the trans-
parent materials.

Molds with a Newly
Developed Seal

The integrated manufacturing cell (Fig. 3)
comprises an injection molding machine
with handling equipment and the PU ma-
chine. After a decorative film or wood ve-
neer has been placed into the mold and
the mold is closed, the thermoplastic is
injected. Towards the end of the cooling
time, the PU cavity is sprayed with a re-
lease agent and the sliding table is pushed

Fig. 2. Whether depth effect (left) or elegant wood decoration with integrated functional elements
(right): The Clearmelt technology opens up vast possibilities for product design  (photos: Schöfer)

Engel Austria GmbH
A-4311 Schwertberg, Austria
TEL +43 50 620-0
> www.engelglobal.com

Schöfer GmbH
A-4311 Schwertberg, Austria
TEL +43 7262 62844-0
> www.schoefer.at

Votteler Lackfabrik GmbH & Co. KG
D-70825 Korntal-Münchingen, Germany
TEL +49 711 98045
> www.votteler.com
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upwards. The polyurethane is now inject-
ed into the void between premolded part
and PU die (Fig. 4).

The release agent is necessary so that
the polyurethane does not stick to the
steel surface and the finished part can be
easily demolded. The determining factor
for the cycle time is the cross-linking of
the polyurethane, which in the case of the
decorative panels can be 80 to 90 s. De-
pending on the type and requirements,

the latest developments in polyurethane
technology enable cross-linking times as
low as 40 s to be achieved – an enormous
increase in efficiency compared with the
common multi-coat lacquering process.
In the following process, the release agent
is removed from the finished part surface
by polishing. In the case of visible parts,
the sealing edges also have to be milled.
As the polyurethane is only formed in the
cavity as a reaction product of polyol and

isocyanate, very thin coatings can be ap-
plied. The two reactive components are
both as fluid as water.

The Clearmelt process combines two
very different processing methods in one
mold. On the one hand, the molding of
thermoplastics which generally, despite
relatively high processing temperatures of
over 200°C, are highly viscous and there-
fore require very high pressures for filling
the cavities, and on the other hand the
processing of two liquids which are not
mixed until just before reaching the cav-
ity and which in spite of their compara-
tively low temperature of under 100°C
have a low viscosity. Even if we speak of
the PU high-pressure method, the pres-
sures required to inject the isocyanate and
polyol are low compared with the pres-
sure required for the injection of thermo-
plastics. Schöfer therefore developed a
new class of mold seal in order to mini-
mize the amount of mechanical part fin-
ishing work otherwise necessary. With
complex mold parting line contours, the
bedding-down solutions generally used
in injection mold making are not suffi-
cient (Fig. 5).

Furthermore, the mold concept has to
be adapted to the different pressure lev-
els and the comparatively long reaction
time. For this reason, sliding table solu-
tions have proved to be cost-effective for
small quantities, while for higher quanti-
ties it is expedient to spray the carrier si-
multaneously and to inundate it with PU
in a second station. Indexing platen ma-
chines are used for this, as for 2-compo-
nent injection molding. Depending on

Fig. 3. The manufacturing cell combines an injection molding machine with a PU high-pressure
machine. Hennecke is exclusive project partner for Engel for the polyurethane technology  (photo: Engel)

Fig. 4. The thermoplastic carrier is injection molded (left) and then flooded with polyurethane (right) in one process step  (fig.: Engel)
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the required production volume, the PU
machine can also be linked to several pro-
duction cells. For the integration of the
PU mixing head and the necessary over-
flow areas, Schöfer had to completely re-
think the mold design and finally came
up with a space-saving solution.

Further Improvement in 
Scratch Resistance

The challenges for the lacquer manufac-
turers included not only excellent trans-
parency and gloss, but also the light re-
sistance. Votteler now offers two genera-
tions of its Puriflow polyurethane sys-
tems. Both are suitable for the flooding of
both films and wood veneers and have
passed the climate, light-fastness and re-
sistance tests of the leading automotive
manufacturers. The first generation is in
series production at BMW,Audi and VW.

In the new generation, the scratch re-
sistance has been further improved. The
result is tested with two methods in each
case: Using the Crockmeter and using the
Martindale method in which the surface
is examined for microscratches after sim-
ulated wiping with a cloth. In this respect,
the Puriflow material has a self-healing
effect that can be initiated by the applica-
tion of heat. Erichsen test bars are used to
test the mar resistance, i.e. to test for in-
dividual scratches caused e.g. by rings,
keys or finger nails.

At the same time, high demands are
made on the performance data of the
thermoplastics. In view of the transparen-
cy of the top coat, the surface of the car-
rier has to have a high quality, particular-
ly if the thermoplastic is flooded directly
without film or wood veneer. Particular-
ly demanding are solutions for piano
black finish with depth effect.

New developments improve the adhe-
sion between thermoplastic and
polyurethane. Some substrates such as
polypropylene can only be coated after
activation of the surface by flame treat-
ment or corona processes. The compat-
ibility between film and PU formulation
also has to be optimized in some com-
binations. The technology is already well
advanced in the meantime for the over-
spraying of real wood decorative ele-
ments, as vast experience can be drawn
on here from the multi-stage processes.
When processing light-colored decora-
tive wood elements flooding with PU has
the advantage that color-changing heat

influences that accompany over-spray-
ing with hot thermoplastic melts are
avoided.

Outlook: Cockpit without Knobs
and Switches

Product developers continue to attach
major importance to the integration of
functions into the films to be back-mold-
ed (Fig. 6). Engel presented the first proto-
types during its symposium. Films (man-
ufacturer: plastic electronic GmbH, Linz,
Austria) were used there which had print-
ed capacitive circuits. The parts were
linked to a PC via an interface so that by
lightly touching the surface of the part,
certain functions could be displayed on
the computer monitor. In the meantime,
switching functions have also been im-
plemented under real wood veneers. For
this, a wood veneer was placed into the
mold, back-molded with a thermoplastic
and covered with a capacitive film. This
process can also be performed in a single
step in an injection mold.

A cockpit without knobs and switches
with electroluminescent symbol light is
thus coming closer to being a reality. In
future, control elements can be integrat-
ed into thin decorative elements,both vis-
ible and invisible, and always protected by
the polyurethane coating. The transpar-
ent material also permits a visual feed-
back by LED.

Fig. 5. The processing of two components with very different properties in one process step makes
high demands in particular on the mold making  (photo: Engel)

Fig. 6. The next step
is the integration of
functions into the film
to be back-molded.
That opens up huge
potentials also for 
the household appli-
ances and entertain-
ment electronics 
industries  (photo: plastic

electronic)
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The potential of this technology is im-
mense, and by no means limited purely to
the automotive industry. It is also opening
up new possibilities for the product design,
in particular for household appliances and
entertainment electronics. Vibration ab-
sorption and self-healing surfaces will play
an important role here, too, in the future.

In mold engineering,developments are
already focusing also on the imaging of
complex structures and the flooding of
moving mold elements. It is also a ques-
tion of making the process even more
cost-effective in future. Work is already
being carried out, for example, on perma-
nent mold coatings in order to soon be
able to do completely without the release
agents currently still necessary.

Conclusion

Through process integration, the
Clearmelt method can contribute to im-
proving the cost-effectiveness of produc-
tion compared with existing solutions

such as multi-coat lacquering, the multi-
stage ClearRIM process and multi-com-
ponent injection molding. As the invest-
ment costs for such a system are only
slightly higher than those of a 2-compo-
nent injection molding solution while the
material costs are lower, it is always a ques-
tion of the demanded production output
as to which variant can be more profitably
employed. The ratio becomes even more
interesting if the PU machine can be
shared by several injection molding ma-
chines – the injection of the polyol/iso-
cyanate mixture which takes only a few
seconds compared to the total cycle time
opens this possibility.Apart from this, the
thermoplastic/PU combination allows
thinner wall thicknesses to be achieved
with at the same time higher quality sur-
face properties.�
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