Accepted Manuscript ~~—law
conpos/rres

Modelling and simulation of tow-drop effects arising from the manufacturing Part A: applied science and manufacturing

of steered-fibre composites

O. Falco, C.S. Lopes, F. Naya, F. Sket, P. Maimi, J.A. Mayugo

PIIL: S1359-835X(16)30396-7

DOI: http://dx.doi.org/10.1016/j.compositesa.2016.11.015
Reference: JCOMA 4487

To appear in: Composites: Part A

Received Date: 23 May 2016

Accepted Date: 13 November 2016

Please cite this article as: Falco, O., Lopes, C.S., Naya, F., Sket, F., Maimi, P., Mayugo, J.A., Modelling and
simulation of tow-drop effects arising from the manufacturing of steered-fibre composites, Composites: Part A
(2016), doi: http://dx.doi.org/10.1016/j.compositesa.2016.11.015

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.compositesa.2016.11.015
http://dx.doi.org/10.1016/j.compositesa.2016.11.015

Modelling and simulation of tow-drop effects arising from the
manufacturing of steered-fibre composites

O. Falc6?®, C.S. Lopes?, F. Naya?, F. Sket?, P. Maimi®, J.A. Mayugo®

*IMDEA Materials — Madrid Institute for Advanced Studies of Materials, c¢/Eric Kandel, 2. Parque
Cientifico y Tecnologico— Tecnogetafe, 28906, Getafe, Madrid, Spain.
YAMADE, Polytechnic School, Universitat de Girona, Campus Montilivi s/n, 17071 Girona, Spain.

Abstract

The introduction of Variable-Stiffness Laminates requires not only the use of advanced nu-
merical simulation tools but also better understanding of manufacturing induced effects.
These computational tools can give beneficial insight that will lead to an effective reduction
of test campaigns as well as to incrcasc design possibilitics. This paper presents a virtual
testing approach to study the influence of tow-drop effects, generated in the manufacturing of
steered-fibre composites, by means of nonlinear finite element analyses within the framework
of fracture and damage mechanics. X-ray computed tomography was used to characterize
the embedded resin-rich areas. Both the progressive failure mechanisms and the ultimate
failure loads can be predicted with high realism when compared with experimental obser-
vations. In addition, the differences of the tow-drop effects on plain and notched laminates
can also be predicted accurately.
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1. Introduction

The use of lightweight laminated composites combined with the capacity for large-scale
automation of the laminated production process has increased significantly in the aeronau-
tical industry. Currently, the use of Automated Fibre Placement (AFP) technology, allows
large and complex composite aircraft components to be manufactured with high quality,

accuracy and repeatability. In addition, the introduction of tow-steered panels with curved
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