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ABSTRACT 

Solutions to preform complex shapes such as a tetrahedron without any defect from flax based 

woven fabrics are investigated in this work. The first way to prevent the appearance of defects 

such as tow buckles consists in designing specific woven architecture fabrics. However, even 

if this solution was shown to be effective on the tetrahedron shape, solutions based on the 

optimisation of the process parameters to prevent the appearance of buckles from commercial 

fabrics were also investigated with success.  

 

INTRODUCTION 

Nowadays, the market demand for environmentally friendly materials is rapidly increasing. 

Biodegradable fibres and biodegradable polymers mainly extracted from renewable resources 

are expected to be a major contribution to the production of new industrial high performance 

biodegradable composites, partially solving the problem of waste management.  

The manufacture and the performance of such materials have already been discussed and it 

was showed that biodegradable PLLA (L-polylactide acid)/flax fibres mat composites exhibit 

specific tensile properties equivalent to glass fibre polyester composites [1].  

Specific High performance reinforcements are required to manufacture structural or semi-

structural biocomposite parts. New flax and comingled flax/bioplastic reinforcements have 

been elaborated in this goal. If large panels have been realised with a good success, the 

feasibility to manufacture complex shapes part especially with natural fibre based 

reinforcements without defect needs to be demonstrated.  

A sheet forming device has been presented to form severe shapes such as a tetrahedron [2]. 

Due to the complexity of the shape (triple curvature, low radiuses of curvature etc...), specific 

defects such as tow buckles and tensile tow defects have been identified [3-4].  

To prevent the appearance of these defects, two paths have been identified. The first one 

consists in optimising the architecture of the fabric. The second one consists in optimising the 

parameters controlling the forming process.  

This work proposes to discuss solutions that were used to prevent the appearance of 

performing defects.  

 

RESULTS AND CONCLUSIONS 

Solutions to prevent the appearance of buckles based on the optimization of the fabric 

architecture, either at the scale of the tow or the yarn, or either at the scale of the fabric, were 
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presented with success [5]. However, the fabric optimized to prevent the appearance of 

buckles may not be optimized to prevent the appearance of other defects such as wrinkling. 

Another solution to prevent the appearance of tow buckles, based on the optimization of the 

forming parameters, was investigated. This solution is of particular interest as it would enable 

to use any reinforcement fabric of the market.  

To reach this goal, specially optimised blank-holders were machined, and it was shown in 

Figure 1 that tow buckling could be prevented by only playing on the process parameters. On 

Figure 1a, the blank holder geometries and pressure are not optimised, and buckles take place. 

In Figure 1b, the process parameters were carefully chosen, and tow buckles do not appear.  

 

 
Fig.1 Influence of process parameters on tow buckling 

This work demonstrates that it is now possible to prevent the appearance of tow buckles by 

optimizing the process parameters. It is therefore not necessary to specially optimize the 

fabric to prevent this defect. As a consequence, a wide range of reinforcements with different 

architectures can be considered when forming complex shapes such as a tetrahedron.   
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