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M
ethods for manufacturing parts
with a soft-touch surface must
strike a balance between high

quality requirements, technical feasibili-
ty and cost. Laminating compact injec-
tion molded thermoplastic parts are sub-
ject to the same drawbacks as in-mold
foaming with polyurethane or slush
processes. The conventional processes for
generating a pleasant tactile feel have one
thing in common. They are multistage
processes, which inevitably involve trim-

Soft-Touch for the Price of 
2-Component Injection Molding

Dolphin Process. The interior is one of the key differentiating features of modern

cars. Besides the design, special attention is also paid to the quality of the sur-

faces. Various manufacturing processes have become established to give grained

surfaces a soft feel. The Dolphin process, which is unrivalled in cost effectiveness,

is set to join the ranks.

More comfort in the driver’s cab: panels and covers
of the new Mercedes-Benz Actros are manufactured

with a soft-touch surface by the Dolphin process
(photo: Daimler)

© Carl Hanser Verlag, Munich Kunststoffe international 3/2012

Interior value added

125

100

75

50

%

Low Medium

TPU slush (aliphatic
and aromatic + IMC)

PVC slush + IMC

PVC slush

TPO-2 foil

TPO foil
PVC foilPP, PC,

ABS, etc.
injection molding

PU RIM (aliphatic
and aromatic + IMC)

PU spray (aliphatic)

PU spray
(aromatic + IMC)

High

To
ta

l c
os

t 
of

 p
ro

du
ct

io
n

Dolphin

Fig. 1. Costs versus quality: market positioning of the Dolphin process compared to conventional
techniques. The results are based on a study performed in 2008 on cockpit and door lining parts, but
which has not been published so far (figure: Engel)

©  Kunststoffe

Translated from Kunststoffe 3/2012, pp. 90–94
Article as PDF-File at www.kunststoffe-
international.com; Document Number: PE110979

54-57_PE110979_PE3  09.03.2012  15:54 Uhr  Seite 54

Internet-PDF-Datei. Diese PDF Datei enthält das Recht zur unbeschränkten Intranet- und Internetnutzung, sowie zur 
Verbreitung über elektronische Verteiler. Eine Verbreitung in gedruckter Form ist mit dieser PDF-Datei nicht  gestattet.



55

I N J EC T I ON  MOLD ING

>

Kunststoffe international 3/2012

ming, folding or bending after the last
shaping stage. The linking up of the indi-
vidual process steps and the secondary
finishing are time consuming, increase
the investment costs for the production
line, require a logistical effort for convey-
ing the semi-finished products that is
considerable in many cases, and – like the
production of PVC slush skins – are of-
ten very energy intensive.

The aim of developing the Dolphin
process [1] was therefore to implement
soft-touch surfaces with good softness,
acceptable density and foam heights by
thermoplastic injection molding, requir-
ing no secondary process apart from
sprue cutting – that is to say the soft sur-
face should be applied directly in the in-
jection molding machine to the hard sup-
port material. In addition, the trend to-
wards greater flexibility of manufactur-
ing technology was taken into account.
An injection molding machine that is ad-
equate for this complex process can be
used for different injection molds and
processes and adapted to future product
generations.

Balance between Quality and
Efficiency

According to a study on the market posi-
tioning of various surface enhancement
techniques (Fig. 1), the Dolphin process
closes the gap between mold skins for ex-
treme quality requirements in high-end
automotive engineering and classical
film-decorated injection moldings for
cost-effective car production.The first ap-
plications have confirmed the high effi-
ciency of the process (Fig. 2).

The high saving potential can be il-
lustrated with reference to a car instru-

ment panel. The material costs for the
part are calculated at EUR 11.90 for the
part, EUR 4.40 for the backing and EUR
7.50 for the foam layer. These values are
based on a backing volume of 1,300 cm3.
The backing has a surface area of
4,500 cm2. With a starting value of ap-
prox. 2 mm for the thickness of the TPE
foam layer, this results in a TPE volume
of 1,050 cm3. For a final wall thickness
of 8 mm, the cycle time is about 150 s.
The cycle time of the entire process is
determined by the machine-specific
movement times and the cooling times.
The cooling time for the foam compo-
nents depends on the final layer thick-
ness of the foam. For a 3 mm-thick foam
layer, the cycle time is assumed to be
about 90 s.

From a commercial point of view, the
high flexibility of the production line and
the associated high plant utilization has a
positive effect on the ROI. In addition,
less investment is required in the infra-
structure and the technology-specific
plant components. In many cases, pro-
duction cells of this size have been in use
for 15 years.

The Dolphin process was developed to-
gether with Engel Austria, Georg Kauf-
mann Formenbau, BASF and the P-
Group (now SO.F.TER), and presented at
K2007 – together with the auto supplier
Johnson Controls. In fall 2011, the first
series application started. The Italian
Daimler supplier Sole S.p.A. used this
method to produce cockpit covers for the
new Mercedes Benz Actros (Title photo).The
Dolphin consortium now includes Engel,
Georg Kaufmann Formenbau and
SO.F.TER (see box).

Close Tolerances in 
Mold-making

The Dolphin process combines two-com-
ponent injection molding (“Engel com-
bimelt”) with physical foaming (MuCell)
and compression technology. On a swiv-
el-platen injection molding machine
(Fig. 3), a thermoplastic backing part is first
manufactured in the first parting plane –
e.g. from PC+ABS – conventionally with
the aid of a needle-valve hot-runner sys-
tem, and after cooling transferred to the
second parting plane position by swivel-
ing the center mold platen.A thermoplas-
tic elastomer (TPE) is charged with an in-

Fig. 3. The Dolphin process is based on multicomponent injection molding with two horizontal injec-
tion units and swivel platens, combined with physical foaming (figure: Engel)

Fig. 2. Instrument panels, armrests
and folding interior elements are

among the first products manu-
factured as prototypes or in small

series (photos: Engel, Daimler)
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ert gas in supercritical state after plastica-
tion in the melt cylinder, and the one-
phase plastic/blowing gas solution is in-
jected into the cavity – distributed via
multiple cold runners. In the process, the
backing structure is flooded to a thick-
ness of about 2 mm. The MuCell process
unit is mounted on the moving platen of
the injection molding machine for this
process step.

During a short cooling phase, the melt
solidifies on the mold wall and forms a
skin layer, which reproduces the grained
surface of the cavity. Immediately after-
wards, the clamping unit is opened by a
defined compression stroke to allow the
blowing gas to expand. Since the pressure
within the cavity now decreases with a gra-
dient that is equal across the cavity, par-
ticularly fine and uniform foam cells form
– the prerequisite or a high-quality sur-
face.The cavity is held in the extended po-
sition until the TPE has cooled complete-
ly and crystallized. Besides the adjustable

delay time, the opening velocity and plat-
en parallelism can also be controlled.

Since, simultaneously with foaming,
the next backing part is already being pro-
duced at the other side of the mold, the
clamping force must not decrease during
the opening stroke. This is ensured by a
blocking system on the second mold side.
Another special feature of the mold engi-
neering is a surrounding spring strip that

is incorporated into the plunger, and re-
liably seals the two mold halves during the
opening stroke so that neither melt nor
foam can escape. The Dolphin process
thus requires particularly stable and high-
precision molds. The tolerance in the
temperature-controlled and movable el-
ements is 0.03 mm. The cooling is just as
big a challenge. To generate parts of the
best quality, the two mold halves must be
held at different temperatures. The back-
ing part requires a temperature that is
35°C higher than the overmolding of the
soft component.

The Dolphin technique permits a high
degree of design freedom since even com-
plex geometries can be easily realized. For
example, undercuts can be generated
(Figs. 4 and 5) with the aid of slides; the
foaming process allows very narrow radii
to be produced. For the grained surface
structure, Georg Kaufmann Formenbau

has developed a special method. In its pi-
lot plant, the mold maker has built a tri-
al mold with interchangeable grain inserts
to present a broad range of options to
product developers (Fig. 6).

Decompression Stroke
Determines the Softness

During foaming, the initial wall thickness
of the foam cavity determines the shot
weight of the part and the wall thickness
to be obtained after the decompression
stroke determines the foam height (Fig.7,
Table 1). The density of the foam can thus
be adjusted via the decompression stroke
and is indirectly proportional to the ra-
tio between the initial and final wall thick-
ness. Besides other parameters, the ad-
justable stroke thus also determines the
softness of the product.

For a test series, with a starting wall
thickness of 2 mm and a density of
1.12 g/cm3, the decompression stroke was
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Fig. 5. Modified mold design: For invisible parting lines, unobtrusive slide edges are placed 
(photos: Engel)
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Fig. 4. The Dolphin
process opens up a
high degree of free-
dom of design. Un-
dercuts and narrow
radii are possible
(figure: SO.F.TER)
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Fig. 6. The desired foam quality can be adjusted by varying the process parameters (photos: Engel)

Engel Austria GmbH
A-4311 Schwertberg, Austria
> www.engelglobal.com

Georg Kaufmann Formenbau AG
CH-5453 Busslingen, Switzerland
> www.gktool.ch

SO.F.TER SPA
I-47122 Forlì, Italy
> www.softerspa.com
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Collections of articles about specific 
topics (construction, automotive, electri-
cal/electronics, packaging, medical, 
temperature control) can be found at
www.kunststoffe-international.com/
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varied between 2, 3 and 4 mm. The cal-
culated average densities are thus at 0.56,
0.45 and 0.37 g/cm3, already taking into
account the compact top layer. This thus
develops both at the mold wall as well as
at the contact surface to the carrier part.
The high filling pressure supports the
development of a long-life, adhesive con-
nection between the foam layer and back-
ing structure.

Based on its Pibiflex product range,
the raw material manufacturer SO.F.TER
has developed a TPE grade especially for
the Dolphin process. Pibiflex 3567 S is
characterized by a high UV stability and
scratch resistance and particularly pleas-
ant tactile properties. The material is
currently processed in the colors beige,
gray, charcoal and black. Since it keeps

the gas used for foaming in solution, it
permits uniform, controlled expansion.
In addition, the TPE-E bonds strongly
to the thermoplastic backing part. Be-
cause of their favorable mechanical
properties across a wide temperature
range from -45 to 150°C, the products
of the Pibiflex series – block copolymers
of crystalline PBT and amorphous poly-
ether glycol – are generally predestined
for applications in auto engineering.
The softness of the material is thus re-
tained even at very low temperatures.
The hardness and tactile properties can
be individually adjusted.

Foamed Backing Parts for
Optimum Areal Weights

In the current series application from Sole
and other applications that are under tri-
al, the soft component is foamed on the
part surface. However, the backing struc-
ture will also have to play its part in fu-
ture lightweight construction require-
ments. The aim of current R&D is there-
fore to physically foam the hard compo-
nent while modifying the part design and
mold construction appropriately. This
would probably reduce the average den-
sity of the backing part by 7 to 10 %.
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Foaming of the backing by decom-
pression technology opens up an even
greater savings potential than classical
foaming of the backing material, since
the filling volume and weight are deter-
mined just as much by the initial cavity
and the final backing dimensions, de-
fined by the decompression stroke, as
during the foaming of the TPE. During
physical foaming of PC+ABS as backing
material, areal weights of less than
5.1 kg/m2 appear realistic, particularly
when the current backing wall thickness-
es are optimized.

The favorable material properties of
the Pibiflex material across a broad tem-
perature range make other applications
conceivable, for example the manufacture
of airbag covers. The predetermined
rupture behavior of this material would
be independent of temperature, and
the tearing open of the cover under cold
and warm conditions would be repro-
ducible.�
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Opening stroke
[mm]

Total foam thickness
[mm]

Decompression 
ratio

Calculated average
density [g/cm3]

2 1:1 1.12

2 4 1:2 0.56

3 5
1:2.5 0.45

4 6 1:3 0.37

Table 1. The density of the foam can be adjusted via the decompression stroke and is indirectly
proportional to the ratio between the initial and final wall thickness. Density of Pibiflex acc. to
datasheet: 1.12 g/cm3 (source: Engel)
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Fig. 7. The MuCell technique permits the foam structure in the final product to be selectively controlled
(figure: Engel)
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