y_

Prepreg Infortion
Prepreg Technology at Polymer Engineering

Development of modern prepreg materials

‘ ENGINEERING
UNIVERSITAT
Department of Polymer Engineering | Prof. Dr.-Ing. H. Ruckdaschel | polymer-engineering.de E BAYREUTH .LyM ER



PREPREG TECHNOLOGIES

Applications of Prepreg Materials - Overview
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Aerospace - Structural Components

e =A390

Shaping efficiency

3 Airbus, JEC Composites
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PREPREG APPLICATION

Alrcraft Interiors

.

A350 cabin; Source: Airbus

Honeycomb core

Source: Diehl Aircabin

Prepreg face sheets

I\ Source: Euro-Composites
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Automotive: Press moulding for high volume production

Single-  Dry fibre
line-injection flacement
conventional
prepreg processes

LamborghiniAventador

TP-one-shot-processes
TP-RTM RTM  PU-RTM

Pullbraiding Pultrusion

Press moulding
SMC /GMT / fast-prepreg
Plastic-metal-hybrids

Combined injection

and pressing processes Injection and
compression moulding
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Wind Energy
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Blade Length/m

MAG IAS GmbH, Gurit

Goals:
* Reduction of process costs by automation
* Improved part quality:
* Reduction of voids
« Equal resin distribution
« Constant part quality

New Challenges:

« Tack suitable for automated processing
» Shelf life of resin system (one component)
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Medical

Carbon fibre prepregs provide...

... low weight.

... high drapability to form individualized parts.
.. high strength.

.. X-ray transparency.

7 Dorset Orthopaedic, Siemens, World Press
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Prepreg Processing Chain at Polymer Engineering
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SYNTHESIS
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RESIN FORMULATION

Resin Development for Prepreg Processes

Challenges for novel prepreg resin systems

* Optimize tack properties for automated placement

« Fast curing at moderate temperatures

e Out of autoclave curing

» Optimisation of cure induced warpage and shrinkage

* Functionalities:

* Fire behaviour
» Electrical properties
» Barrier properties

* Improved Toughness




Equipment for Resin Formulation

Chemistry lab for formulation of
« Speed Mixer

* Curing Ovens

« Vacuum Mixing Unit

il

QHauscnita
oecaMixer |

Dispersion of in nano- and micro scale —r—
» Three-Roll-Mill
« Ultrasound Dispersing
» Dissolver sirrer

Determination of and decomposition =
behaviour :
S 7
* (High pressure) DSC g “{ . =7 increasing content -
« Thermogravimetric Analyzer S of accelerator )
S 204 7 .
* Rheology Lab ol i
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time / min

10 Hauschild, Exakt, Anton Paar
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Pilot Prepreg Plant
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Pilot Prepreg Plant

Specification:
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Working width:
Reinforcements:
Matrix systems:
Line speed:

Dimensions:

max. 30 cm
up to 32 UD-Rovings or textile fabric

solvent free resin systems (hot-melt processing)

1 to 10 m/min

16.5mx2mx2.5m (I xw xh)
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PREPREG IMPREGNATION

Pilot Prepreg Plant - Technical Detalls

2 calanders
(st station up to 250 °C)

4 unwinders for
maximum flexibility

fibre laying coating
unit unit

cooling
plate

B-staging at

UD spreading max. 250 °C
aterial unit

flow of ™ (incl. IR heating)



Flexible coating unit
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comma bar

G T, .. =200°C
: : - Preffered solution

backing paper

foulard Indirect coating

@ T2
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PREPREG IMPREGNATION

Prepreg Processing - In-line Impregnation

release liner
fibres .
matrix material O releaggullner

heated T

V calander calander T

O 0 ) ()

coating unit I @) I— ) |
heating table heating table cooling table

release liner prepreg

Direct in-line impregnation of UD-fibres or low aerial weight woven fabrics.

[e



PREPREG IMPREGNATION

Prepreg Processing - Off-line Impregnation

Step 1: Resin film production release liner

matrix material

y

QO

o coating unit o

release liner resin film

Step 2: Prepreg impregnation

resin film
release liner
fibres heated
QL) calander calander
Q ]
o heating table heating table cooling table

resin film

prepreg

Bildquelle: 3M
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Maximum flexibility - tailoring prepregs

In-line impregnation (possibilities) - exemplary:

paper /

reinforcement
(UD / fabric)

S reSin i fabric

|

resin film in-line impregnation dipped fabric
(from bottom side)

Off-line impregnation (possibilities) - exemplary:

TP foll o
] — resin film — T = Rill18
both sided film impregnation modification by foils or veils
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Characterization of Prepreg Properties

« Aerial weight

* Resin content

* Resin flow (acc. to DIN, ASTM and IPC standards
« State of impregnation

» Tack properties

Bildquelle:
Zoltek

18 Dr. Collin GmbH, P300P
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PREPREG CHARACTERIZATION

Characterization of Tack Properties

‘, 19

A
3 EP Resin A
—p
Temperature
A
3 Ageing time
{ A
Tack is a major material property for automated as well as for manual
Temperature fibre placement applications.

Szpoganicz et al. (2022): https:/doi.org/10.1016/j.compscitech.2021.109188; Hubner et al. (2021): https:/doi.org/10.1016/j.compscitech.2021.109047
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Production processes

—7

/ Slit-Tapes

Tow-Preg Winding Automated Fiber Placement

20

Hand Lay-up
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LAMINATE PRODUCTION

Curing processes

Out of Autoclave

Hydraulic Heating Press

* Press area: 60 x 60 cm2

* Press capacity: 1000 kN
 Temperature range: 25 to 250 °C

'I 21

Autoclave

Autoclave
» Pressurerange: 8 bar
 Temperature range: 25 to 200 °C

« Working area: 67 x 80 cm? (diameter x length)
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LAMINATE CHARACTERIZATION

Non-destructive Testing

Ultrasonic Testing

* Quality Assurance
 B- and C-Scan Mode
» 3D Visualization

Micro-CT

* max. resolution: 5 um
* Porosity

* Fibre wetting
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Mechanical Testing Center
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Composite Testing — Mechanical Characterization

Compression after
Impact

Interlaminar fracture toughness mode | & I
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Dynamic Testing of Composites

1200 o/ /

tensile strength
(static)

1000 -7

800 | oo

[ O
i { X-resin
600 |

: \ 5
400 OO0\

tensile stress / MPa
(o]

. s
air, 23°C; 50% rh
200 - R=0.1
[ f=5Hz
[ X reference
0 ///./ 1 P S R A L L1 N P B R A
10" 10° 10° 10° 10°
number of load cycles
» 7 servohydraulic testing machines. Maximum dynamic load: 40 kN
« 1 Multi-axial Electrodynamic Testing Machine. Maximum dyn. load: 10 kN
25
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PREPREG TECHNOLOGY

How to Cooperate?

Public funded research projects
in coopreration with industrial partners
Direct industrial cooperation

Material development
Evaluation of processability
Production of sample material

.
Contact:

Florian Max
Composites

University of Bayreuth
Department of Polymer Engineering
Universitatsstr. 30

95447 Bayreuth

Germany

Phone: +49 (921) 55 - 7568/ - 7471
Mail: florian.max@uni-bayreuth.de

Chair: Prof. Dr-Ing. Holger Ruckdaschel
http:/Avww. polymer-engineering.de
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mailto:thomas.neumeyer@uni-bayreuth.de
http://www.polymer-engineering.de/
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