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THERMOPLASTIC COMPOSITE BLANKS

Processing Technology for the Fully Automated Production of Tailored

Thermoplastic Composite Blanks

Norbert Miiller, Philipp Seinsche
Engel Austria GmbH
St. Valentin, Austria

ABSTRACT

An approach for the processing of thermoplastic composites tapes is presented where the pick-and-place technology for the
stacking is combined with sophisticated vision measuring technology. This ensures that the gap and overlap width can be
minimized, even when tape cutouts with limited precision of the outer contour are used. The consolidation equipment, which
is utilized directly downstream, is based on a heating-and-cooling approach where the actual melting and consolidation
of the stack is carried out between thin sheet metal dies. This allows maintaining the outer contour as well as the desired

thickness variations within the stack and the blank, resp.

INTRODUCTION

The major benefit of composites with thermoplastic matrix
is their superior efficiency upon processing. Whilst with
thermoset matrix, a processing time of at least several
minutes is very common, the processing of thermoplastic
composites materials usually is done in the range of a one-
minute cycle time. This involves heating of a thermoplastic
composite blank in an infrared oven, transport of the pre-
heated material to the injection moulding mould, shaping
by means of mould closing, and overmoulding with ribs and
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detailed geometry.

After a short cooling time in the injection moulding mould,
the thermoplastic composite component is removed from
the mould, ready for use in service.This one-step processing
route is well established for thermoplastic composite blanks
containing woven fabrics or thermoplastic composites
laminates made from tapes that already have the desired
final thickness — which is usually at least 0.5 mm.
Utilizing thermoplastic composite tapes instead of
thermoplastic semi-finished plates as a starting point
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delivers new benefits, but also leads to new challenges with
respect to the processing. Thermoplastic composite tapes are
thin, foil-like materials with unidirectional reinforcement
and a thickness in the range of as little as 0.1 to 0.3 mm.
Therefore, to end up with a plate suitable for a processing as
described above, one needs to combine several tape layers
and convert the tape stack into a solid blank. This involves
tape stacking and consolidation.

The award-winning technology presented in this paper
exposes several benefits that primarily yield from a two-
step-approach for the stacking and the consolidation' For
the stacking, a plate-like base layer can be used that already
contributes a major fraction of the composite material.
But there is no need for. The stacking can also start with a
thin tape layer. Materials can be mixed, e.g. combination
of glass-fibre reinforced based layer with carbon-fibre
reinforced tapes. The stacking can be conduced net-shape,
this means that the outer contour is already final after the
stacking. During the stacking, desired thickness variations
can be introduced that contribute to optimum lightweight
performance at the final part.

Upon consolidation, it is important to maintain the thickness
variations, which is possible in the utilized approach.
Furthermore, the outer net-shape contour is also kept.
However, the most important benefit is that the duration
of consolidation is basically independent of the stack’s
dimensions. As soon as the approach is capable to finalize
the consolidated blank of a specific thickness in a given
time,the outer dimensions of the stack are not any longer
of concern. This is different in one-step technologies for
the stacking and consolidation, where consolidation time
increases almost linearly with stack dimensions, assuming
the tape width stays unchanged.

The stacking is a pick-and-place approach while the
consolidation is a heating-and-cooling approach. Both
processing modules are fully automatized and rely on
sophisticated utilization of sensors and process control.

The system is desired for processing of glass- as well as
carbon-fibre reinforced thermoplastic composite tapes. The
polymeric matrices involved in extensive investigations up
till now were PP, PA, PC, and PEEK.

TECHNOLOGY AND EQUIPMENT

The guiding value for the development of the machinery
for the processing of thermoplastic composite tapes was the
typical cycle time of an injection moulding machine’. For
technical parts as used, e.g., in automotive applications, this
often ranges between 30 and 80 s. For a demanding
technical part, a cycle time around one minutes usually is
considered to be acceptable.

Therefore, any machinery which is arranged preceding the
injection moulding with respect to the processing should
be capable achieving a similar cycle time.This does not
mean that these modules need to be operated necessarily
directly in-line, but the stacking as well the consolidation
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are supposed to deliver a final stack or blank within about
one minute, resp.

Tape Stacking Cell

Thermoplastic composite tape is produced at specific width,
where common standards are 300 mm,500 mm, and 600
mm. However, also tape width of 1.000 mm and even 1.400
mm is seen. For a large part it is reasonable to use a wide
tape and to preferably use it in one piece. Even at 45°-angle,
layers can be arranged from two or three tape cutouts at
beneficial cut-off conditions. First, slitting the wide tape roll
and then combining a single layer from several tape strips
usually is considerably less efficient.

The tape stacking cell can be operated with cutoffs, which
directly come from a tape roll, or with cutouts. These are
pre-cut from the tape roll,mostly by means of stamping. The
latter are fed to magazines. A stack consists of several, e.g.
15 to 30 cutoffs and/or cutouts from the tapes, each one as
large as possible and useful. Furthermore, a base layer, like
a conventional organo sheet, can replace the first set of
tapes, which gives increased output rate (kg/h).

In order to finish a tape stack at around one minute, a tape
cutout needs to be added to the stack every few seconds.
For that purpose, two high-speed, high-precision articulated
robots where arranged that carry out several operations in
sequence - picking, measurement, placing, and welding,
Figure 1. Whilst they are on the move, correction data from
the visual measuring unit is sent to the robot’s control that
leads to the desired superior stacking precision.

Precision in tape stacking primarily means control over the
resultant gap or overlap between adjacent tapes. Typical
requirements are +/- 1.0 mm or, at advanced prerequisites,
even +/- 0.5 mm’.In aviation industry, another concept is
discussed;no overlap and specified max. gap. Utilization of
mechanical guiding elements is very limited concerning
usability and reliability. The result can only be as precise, as
the width of the tape used for is precise. These limitations
are overcome when a high-resolution optical measurement
system is used in combination with precise articulated
robots. The readings from the camera systems not only
deliver information on the actual geometry of the tape
cutouts, but also establish a basis for correction data and
quality assurance.

Figure 1. Tape stacking cell with high-speed articulated robots.
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Consolidation Unit

The most common industry standard for the consolidation
of thermoplastic composites is the usage of double belt
presses. These systems are highly efficient when continuous
production at constant thickness of the product is the
concern. However,if desired thickness variations in the
semi-finished parts are to be realized, the usability of double
belt presses is very limited. Consolidation of stacks with
thickness variations in a double belt press is possible only

with extra means and at reduced productivity.
Loading /

Toadi

Heating position Cooling positi

Shuttling

Figure 2. Consolidation unit using a heating-and-cooling approach.

Intermittent heating and cooling of the stacks between thin
metal dies is more beneficial for that purpose, Figure 2.
Within the scope of this heating-and-cooling approach, the
stack is placed between metal plates, heated and molten by
conduction,and subsequently chilled significantly below the
crystallization temperature (in the case of semi-crystalline
thermoplastics, e.g. PP and PA), or below the glass
transition temperature (upon processing of tapes with
amorphous thermoplastics,e.g. PC).

The requirement towards the consolidation is the same as in
the case of the stacking - every minute, a consolidated blank
is expected. This is supposed to work for a stack thickness
between 0.6 and 4.0 mm. Heating and cooling of an entire
thick metal mould would take a lot to long. Therefore,the
thermally dynamic mass, i.e. the thickness of the metal dies,
needs to be reduced to the minimum.

For the heating and the cooling, separate compression
frames are in use. Furthermore,the machinery has a loading/
unloading station and fully automatized drives for the
shuttling lifting, opening, and closing of the metal dies. At
least three sets of dies are in operation in the consolidation
unit at once, where usually in the lower halves, the thickness
variations are depicted.

The removal of the consolidated blanks from the metal die
is done at elevated temperature.The residual heat within
the metal dies is then used partially for the pre-heating of
the next stacks before it enters the heating position.The
combination of thin metal dies, individual stations for the
heating and the cooling,automated shuttling of the dies,and
high precision process control yield the required high
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productivity and superior quality of the consolidated blanks.

PERFORMANCE
CHARACTERISTICS

Tape Stacking Cell For the investigations, a test stack was
utilized that consists of 0°-layers, 90°-layers and +/- 45°
layers.The overall outer dimension of the stack was 430 x
200 mm. While the 0°-layers are placed as one piece on the
stack, the 90°-, +45°-, and -45°-layers consist of two tape
cutouts. This means, there is a characteristic line in these
layers where the tape cutouts need to be positioned exactly
adjacent to each other.

Trials with the test stack at extensive parameter variations
have shown that a stacking precision of +/- 1.0 mm is
achieved and even a stacking precision of +/- 0.5 mm
is possible. However, the result is dependent on both,
the calibration of the end-ofarm tool (EOAT) and the
illumination conditions.Precise tool-centre-point settings
for the EOAT are achieved with utilization of calibration
software.

Back-lighting of the EOAT improves the image quality.
Appropriate back-lighting with an illumination foil on the
EOAT allows detection of the transition from the tape to the
background in a narrow range.

Search regions for edge detection End-of-arm tool

Thermoplastic composite tape cutout
Figure 3. Examples for search regions within the scope of the edge
detection.

Each one of the two robots in general works on its own. The
picking of the tape cutout from the magazines is completely
independent. However,the robots share one camera station
and of course,need to place the tape cutouts on the same
stacking table.

While one robot, for example, is already in the placing and
spot-welding position at the stacking table, at the same
time, the other robot is carrying out the measurement of the
next cutout, and so on. This means, the two robots are in
an alternating operation - where slight modification due to
the actual stacking pattern might occur. However,under the
conditions of the test stack, it was found that in an average,
every 3.4 s a tape cutout was added to the stack.

The measurement with the vision systems involves
searching for the tape/background transition at several

www.sampe.org.cn



locations, Figure 3. With these transition locations, a best-
fit line is drawn that represents the tape cutout’s edge.
Repeating the same procedure with a second edge leads to a
corner point. The location of the calculated corner point and
the orientation of the relevant edge are data-basis for the
correction values. When two edges need to be aligned, this
is sufficient information for affecting the robot’s regulation
and control. However, more complex patterns require
additional data to be collected and stored - and all the
crucial information needs to be on hand in real time.

The stacking table consists of a vacuum-platen,which keeps
the first layer in place. The second and subsequent layers
are locally bonded to the layer below by spot-welding,
where heated pins are utilized. In order to have repeatable
conditions,the welding devices are operated at precise
temperature control. By means of vacuum-control devices,
it is made sure that each tape cutout indeed is transferred
to the stacking. These safety and control features enable a
reliably, fully automated production of tailored stacks from
thermoplastic composite tapes.

Consolidation Unit

Conductive heating, as it is done in the consolidation unit,
cannot be improved by high pressure.Even worse, excessive
pressure potentially destroys the stack since fibre-alignment
might be affected. The challenge is to generate enough
pressure to ensure the best possible heat transfer, while
at the same time applying as little pressure as possible to
prevent flow movements in the material, Figure 4.This
means, the control issues are on very low load values. For
the heating, this usually are pression conditions in a range
between 0.02 and 0.1 MPa.Accordingly, the machinery,
which is designed in the current version for consolidation
of 860 x 340 mm stack’s outer dimension, was set-up and
qualified. It was realized that a 3.4 mm thick test stack,as
it was described in the stacking section, achieved fully
molten conditions within 40 s in the heating station. The
cycle time between loading of a stack and removal of a
consolidated blank was less than one minute under these
testing boundaries. However,each individual stack stays for
more than one minute within the consolidation unit, since
three sets of thin metal dies are in running operation.
During the cooling of the stack in the cooling frame, a
somewhat higher pressure might be applied.However,
this is still in the range of just several 100 kPa. For high
temperature materials as for example PEEK, a consolidation
pressure of up to 1.0 MPa is within the reasonable range.
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Figure 4. Schematic representation of temperature and pressure
profile during consolidation. Dotted lines: temperature in the bulk,
TS: temperature of solidification (Tc or Tg).
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The predominant reading for the consolidation quality is
the remaining porosity, Figure 5. It was found that even at
very low pressure, no voids remain between the individual
tape layers. However, some porosity, which is already
existent within the tape might remain. Consolidation is not
a guarantee for healing porosity concerns that are found
in the bulk of the tape. Therefore, the initial quality of the
tape remains crucial for the final part’s characteristic and
performance.

Combination of different materials - in the tested example a
2 mm glass fabric reinforced base plate, which was stiffened
with carbon fibre reinforced tapes, Figure 6 - were working
very appropriately. Some minor warpage effects from
shrinkage deviations between the two different material
were seen. However, this did not affect the downstream
processing towards a 3D-test geometry.

Heating Cooling Loading/Unloading
Shuttling
[—=1

Consolidation quality

porosity analysis
with CT scan
<> Porosity << 1%

Figure 5. Pre-heating during shuttling of the sheet metal dies into to
heating position and evaluation of remaining porosity by means of
CT scans.

Consolidated tailored
composite blank

Steel die for consolidation
(lower mold half)

Stack with multiple
thickness regions

Figure 6. Reinforcement of a base layer with local tape cutouts.

This was done by heating the hybrid blank in an infrared
oven and shaping/overmoulding it in injection moulding
mould.
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Scale-Up to larger Stack

Dimensions

The current maximum outer dimension
of a blank,which is 860 x 340 mm, fits
to an infrared oven that has irradiator
arrays of 1.000 x 500 mm. On the one
hand larger parts are seen, e.g. for
automotive seating applications, on
the other hand, the benefits from the
approach are as more effective, as larger
the stack’s dimensions are.

With large stack dimensions, the
duration of a single stacking operations
might increase slightly,but when the
area or weight of tape placed at once
increases by several times, the overall
output rate increases tremendously,
expressed in square-meters or kilograms
per hour. Therefore, larger equipment
is requested. The current investigations
focus on a proof-of-concept for 1.100 x
600 mm maximum stack dimension.
The challenges are not only scale-up of
magazines,robots, end-of-arm-tools, and
the stacking table. In particular, parallel
utilization of at least two cameras
for the precise optical measurement
is a major change that is associated
with the scale-up.The framework of
the consolidation unit is already set
up for the larger stack dimension,
but adjustments with respect to
compressive force capabilities, control,
and dimensioning of the heating devices
are amongst the current development
aspects.

CONCLUSIONS

The conversion of thermoplastic
composite tapes into a rigid blank
that might be processed subsequently
with infrared heating, shaping, and
overmoulding requires additional
processing modules for the stacking and
the consolidation. A two-stepapproach
where the stacking follows a
pick-andplace concept whilst the
consolidation is done in a heating-and-
cooling unit between thin sheet metal
dies offers both, outstanding precision
and superior consolidation quality.

Furthermore, since the modules operate

at a typical cycle time in the range of
one minute, a productivity is achieved
that fits to the conditions typically in
presence in injection moulding. The
utilization of an optical measurement
system allows precise control over gaps
and overlaps within the stacks. The
stacking as well as the consolidation can
be carried out net-shape, i.e. the outer
contour is already final during stacking
and is maintained during consolidation.
Therefore, an extra cutting operation
after the consolidation is not necessary
in many cases.

Finally, the technology allows desired
thickness variations, which enable
utmost utilization of weight-saving
potential with thermoplastic composites.
The industries and products primarily
addressed are automotive medium-sized
components,sports goods and parts for
health-care applications.Nevertheless,
as thermoplastic composites rise in
importance for the aviation industry and
the technology allows advanced process
control and parameter documentation,
the concept also suits very well for the
production of future medium-sized
aircraft components.
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