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Molding Tools without Sealing Gaskets

New Sealing Concept Optimizes Resin Injection Technology 

A novel sealing concept for infiltration molds shows significant potential for industrial application in high-

pressure RTM processes. The operating principle is to decouple the resin seal and the molding tool by inte-

grating the sealing function into the fiber preform. 

In the last few years the high-pressure 
RTM process (RTM = resin transfer mold-

ing) has become increasingly well estab-
lished, especially in the automotive indus-
try, where it is used for the manufacture of 
highly durable structural components 
made from carbon fiber-reinforced plas-
tics (CFRPs). A recent example is the use of 
the RTM process for the roof module and 
side frame in BMW i series vehicles.

RTM usually includes two important 
subprocesses: the manufacturing of the 
preforms, and matrix infiltration and cur-
ing. Preforming is used for the production 
of preformed fiber architectures made 

from planar textile semi-finished prod-
ucts and local fiber patches. The preform 
is first inserted into an RTM molding tool, 
then the reinforcement structure is infil-
trated with reactive resin system. Next 
the matrix starts curing inside the mold. 
In order to prevent leakage of the plastic 
matrix during the resin injection and cur-
ing in the cavity, elastomer profile gaskets 
are currently used in RTM molds. The pro-
file gaskets are positioned in grooves in 
the parting surface of the mold. The de-
sired sealing effect is achieved when the 
mold is closed and the right amount of 
closing force is applied. 

In order to sustainably increase the 
competitiveness of high-performance fi-
ber composites in comparison to metals, 
it is important to take full advantage of 
the potential of these materials for eco-
nomic manufacturing (Fig. 1). In the con-
text of RTM, opportunities for ensuring 
competitiveness are, for example, com-
plete process automation, higher repro-
ducibility and the reduction of produc-
tion waste.

Besides the development of fully au-
tomated preforming or draping technol-
ogies and resin systems which react 
more and more rapidly, a lot of attention 
has been paid to RTM mold technology, 
and in particular sealing technology. 
Conventional profile gaskets are subject-
ed to repeated high mechanical pres-
sure and shear stress, and are in direct 
contact with the liquid, reactive plastic, 
which damages the gasket material and 
makes it brittle. 

Cured plastic residues in the area of 
the sealing gasket, or directly on it after 
the component has been removed, can 
damage the gasket material when the 
mold is next closed, which in turn can 
lead to resin loss through leakage from 
the cavity. In addition, matrix residues in 
the gasket clamping area can lead to vari-
ations in component thickness. For this 
reason it is necessary to clean the gasket 
area after every demolding of a compo-
nent. Despite careful treatment, high 
chemical and mechanical stress lead to 
extensive gasket wear. The resulting 
changes in the properties of the sealing 
cords have a negative effect on process 
safety and the reproducibility of compo-
nent manufacture as well as on the com-
ponent quality. As a consequence, a new 

Applied sealing cord after component consolidation with high-pressure RTM process  

(figure: Fraunhofer ICT)
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(type: RTM 8/3.2K, manufacturer: Krauss-
Maffei Technologies GmbH, Munich, Ger-
many) in combination with a hydraulic 
press (type: DCP 3600; manufacturer: 
Dieffenbacher).

The manufacture of preforms from a 
biaxial carbon fiber semi-finished prod-
uct was carried out with the usual pre-
forming processing steps. First the indi-
vidual layers were cut and a binder was 
applied which then cured in the subse-
quent draping of the whole stack in the 
heatable molding tool, providing the pre-
form with the necessary form stability. 
The trimming of the preconsolidated pre-
form with an ultrasonic cutting blade for 
a near-net-shape component geometry 
ensured a defined edge area for the 
robot-assisted application of the sealing 
agent. The sealing agent was a PU system 
that was tailored to the process in a series 
of pre-tests. After mixing of the individual 
components, this system was applied di-
rectly to the edge of the preform, where 
it cured rapidly. After demolding from the 
application holder, the infiltration with an 
epoxy resin system was carried out with 
the high-pressure RTM process. The 
“self-sealing” preform is positioned in the 
molding tool which is then closed to a 

set of gaskets is often needed after 10-30 
components, and there is a resulting pro-
duction downtime as the profile cords are 
changed in the hot mold. 

Sealing Function  
Integrated into the Preform

An alternative approach to the sealing of 
RTM molding tools is currently being in-
vestigated in the context of a research 
project at the Fraunhofer Institute for 
Chemical Technology ICT in Pfinztal, Ger-
many. The operating principle is to de-
couple the resin seal and the molding 
tool by integrating the sealing function 
directly into the fiber preform. 

In the mold itself only a defined seal-
ing area remains. In this area, a sealing 
cord applied to the edge of the preform is 
clamped mechanically during the resin in-
jection and the curing, and thus held in 
position. The ventilation of the mold be-
fore the injection of the resin is made pos-
sible by a profile sealing cord surrounding 
the upper mold half. This sealing ring en-
sures that no external air can enter the 
closed mold during and after the evacua-
tion of the cavity (Fig. 2). Figure 3 shows the 
process workflow, beginning with the in-
sertion of the preform and ending with 
the curing of the plastic matrix.

After several successful pre-tests to 
demonstrate the general practicability of 
the concept, a highly automated process 
chain was installed at the Fraunhofer ICT, 
encompassing each stage from the 
manufacture of preforms with applied 
sealing cords to infiltration and curing of 
a simple demonstration component. The 
focus was on the homogeneous and re-
producible application of a material sys-
tem – suitable for the specific process – 
to the edge area of fiber preforms, and 
on the construction and manufacture of 
an RTM mold tailored to the sealing con-
cept. As project partners, Rühl Puromer 
GmbH, Friedrichsdorf, Germany, provid-
ed support in the development and sup-
ply of materials, and Tartler GmbH, Mi-
chelstadt, Germany, processed the mate-
rial system in a mixing and dosing unit 
(type: Nodopur VS 2K). The RTM mold in-
lay for a heated mold holder at the Fraun-
hofer ICT was made available by Dieffen-
bacher GmbH, Eppingen, Germany. The 
obtained preforms were infiltrated and 
cured in the high-pressure RTM process 
using a high-pressure injection unit 

Fig. 1. Vision of the 

cost savings for CFRP 

components (figure: [2])

defined extent. In this intermediate clos-
ing position, the gas sealing surrounding 
the upper half of the mold is in direct 
contact with the lower half of the mold, 
which makes it possible to evacuate the 
cavity using a vacuum pump.  As a next 
step, the mold is closed until both halves 
touch the preform sealing cord. Due to 
the increasing molding pressure, the seal 
is clamped between the two mold halves 
and is secured by a special structure in 
the sealing area of the mold. This pre-
vents the seal from being displaced due 
to the cavity pressure of the resin system 
in the subsequent infiltration and curing 
process. Figure 4 illustrates the complete 
process chain.

After adjusting the known processing 
parameters of the high-pressure RTM 
process such as injection rate, required 
amount of resin, molding pressure and 
the correlating cavity pressure, the 
demonstrator component could be re-
producibly manufactured with freely ad-
justable cavity pressures of more than 100 
bar. The sealing cord remains at the edge 
of the consolidated component after 
demolding and is then removed during 
post-processing via milling or water jet 
cutting. The sealing concept allows 
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the production of a preform in near net 
shape, thus minimizing the trimming 
waste of the consolidated component. As 
a new sealing cord is automatically added 
to every new preform, material wear and 
consequently the maintenance require-
ments for the RTM mold only play a mar-
ginal role. The same is true for cleaning 
the cavity after the demolding of compo-
nents. In most cases, it is sufficient to brief-
ly blow out the cavity with compressed air 
before the next preform is inserted into 
the molding tool for consolidation.

Conclusion and Practical Benefit

The alternative mold concept of self-seal-
ing preforms has significant potential in 
the areas of process automation, process 
reproducibility and general process con-
trol. It was proven that, after preforming, 
a fully automated application of a seal-
ing cord to a fiber preform is possible 
with a material system specifically tai-
lored to the production process. This 
means that production downtime due 
to the manual changing of worn profile 
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gaskets in a tempered molding tool 
could be avoided and the cycle time 
could be considerably reduced. In addi-
tion, unavoidable and uncontrollable 
sealing gasket wear can no longer nega-
tively affect the reproducibility of the 
process and thus the component quali-
ty, because a new, unused seal is intro-
duced at the start of each cycle during 
the filling of the mold.  The processing 
also becomes more flexible. As the seal-
ing cord geometry is generally freely ad-
justable, processing variants such as in-
jection RTM, compression RTM, wet 
molding processes or combinations of 
these variants can be used independent-
ly of the constructive design of the 
molding tool. In order to ensure a quick 
uptake of this sealing concept and the 
reliable implementation of the technol-
ogy in existing industrial production 
lines, the Fraunhofer ICT and its partners 
are working on the optimization of the 
sealing material system, the further au-
tomation of the process control, and the 
extension of the approach to complex 
3-D component contours. W

Fig. 3. Process workflow with component consolidation (figure: Fraunhofer ICT)
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Fig. 4. RTM process chain with sealing agent application as additional processing step  

(figure: Fraunhofer ICT)
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