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ABSTRACT
This work aims to showcase the transverse mechanical behaviour of common European plant fibers. To do so, a specially designed micro-mechatronical setup is used to perform transverse compression tests. The elastic and viscoelastic properties of these fibers will be identified from force-displacement curves with sub mNewton and µmeter precision, obtained under repetitive progressive loadings (RPL). 

INTRODUCTION
The use of plant fibers as reinforcements in composite materials presents numerous environmental benefits compared to their manmade counterparts (carbon, nylon etc.). Composite behavior is also strongly corelated to its reinforcement’s mechanical properties, their accurate knowledge is thus crucial to improve or predict composite behavior. However, the relatively recently adopted use of plant fibers has led to limited research around their mechanical properties, especially in the transverse direction. Furthermore, their small size, anisotropic nature and complex geometry means that “back calculated” properties are not reliable (Shah et al. 2016) and specialized setups with sub mNewton and µmeter accuracy are needed to carry out direct measurements. In order to study the fiber’s transverse behaviour, an innovative setup, shown in Fig.1 was developed in our laboratory to perform single fiber transverse compression tests (SFTCT) (Placet et al., 2020). 

[image: ]
Figure 1. Transverse compression setup, diameter and length wise view of nettle fiber
The test consists of compressing a fiber between a rigid support (fixed plate) and a sensor (mobile plate) that measures the applied force and the fiber’s displacement simultaneously. The testing protocol starts with a progressive loading, generated by a movement of the mobile sensor against a fiber laying on the fixed compression plate. The fiber enters a rigid body movement stage where it rotates and slides until it gets trapped between the upper and lower plate (“compression point”). This stage can be observed by imagery or force displacement data. Once the compression point is reached repetitive cyclic charging of the fiber starts, with an increasing amplitude. This protocol offers the possibility to identify the elastic and viscoelastic properties of the fiber by inverse method using Jawad’s analytical model (Jawad & Ward, 1978).
The setup is now equipped with a rotary actuator capable of ensuring parallelism between compression plates with 10 µ° precision, improving test repeatability and accuracy. Plate parallelism has never been controlled this finely in other compression studies. 

RESULTS AND CONCLUSIONS
Part of the loading protocol and a force-displacement curve examples, of single nettle fiber compression test are given in Fig.2. Despite the small displacements that are in play during testing, our setup is accurate enough to produce repeatable results and detect subtle changes in force, displacement or slope, offering insights on complex mechanical phenomena.
[bookmark: OLE_LINK1][image: ]
Figure 2. Nettle fiber compression protocol and results from a 300µm compressed sample length
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