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Introduction

To support the development of new manufacturingg@sees, simulation models based on Finite
Element (FE) methods are often used. Thermoformingilations consist in modelling the forming
process of thermoplastic blanks. The developmentsoéh simulation models requires the
characterisation of intra-ply properties, e.g. olaplane bending and intra-ply shear, as well adai
properties, i.e. friction (tool-ply interactions)diinter-ply slip (ply-ply interactions). Investigans of
the latter are of particular importance since wptgrslip was identified as playing a major roletie
development of out-of-plane wrinkles during therorafing processes [1]. This work presents, on the
one hand, a new test setup to characterise ingegliplin composite laminates and, on the othedhan
experimental results for a unidirectional fibreaferced thermoplastic material.

Development of africtional test setup

An enhanced version of the test setup presenteorin DIN EN 14882 [2] is developed (see Figure
1). Contact properties are investigated when dezatvelow which is fixed a piece of material B, is
pulled over a support, on top of which lays a pi@cmaterial A. In order to control testing enviment,
the new test setup can be mounted on a universtahdemachine and enclosed in an environmental
chamber. This enables the application of test spapdo 400 mm/min and temperatures up to + 350
°C. Furthermore, the load applied on the carriertmavaried. Three load levels can be selecteditabo
5 kPa, about 8 kPa and about 11 kPa. The moduandsy of the new test setup ensures efficient
specimen replacement as well as easy mounting/distimg operations.

Wire
Material A
Pulley Carri
arrier Material B
_
[l
Support

Figure 1: Schematic of the frictional test setup presentddii 14882 (adapted from [2])

Inter-ply dip in unidirectional laminates

The frictional test setup is used to charactengeriply slip in thermoplastic laminates under
environmental forming conditions, i.e. above mgtiemperature. Experiments are performed at 235°C
with a carbon fibre reinforced polyamide 6 (PA6amsite material. Investigations are conducted
between molten unidirectional (0°/0°), cross-pli€i/90°) and orthogonal (90°/90°) laminates for
several different test speeds. A typical outcomeadfiction test performed between two molten
thermoplastic specimens is presented in Figurdt2The force reaches a peak before decreasing to a
constant level. Such behaviour is in good agreemehtobservations made by other researchers [3-5].
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Figure 2: (Left) Typical force vs displacement test resiright) Evolution of peak shear stresses with resfuetest speeds
for 0°/0° inter-ply slip experiments
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Figure 3: Evolution of peak shear stresses with respect tespEeds for inter-ply slip experiments
(left) 0°/90° (right) 90°/90°

Peak shear stresses which are determined as ithdéetween peak forces and the nominal contact
area are subsequently calculated. Steady-state sthesses are determined in a similar mannereas th
ratio between constant level forces and the nonuoatact area. Peak and steady-state shear stresses
are eventually plotted against test speeds to meter potential dependencies. For all tested
configurations, peak shear stresses are foundatease with test speeds (see Figure 2 right andd-ig
3).
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