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After completing the tests for the selected combinations of pendulum inclination and distance to the 
free surface, the specimens were scanned using a Roland Picza Pix-30 mechanical contact scanner. 
The scanning needle had semi-spherical head of 80 μm in diameter, enabling highly accurate 
reproduction of the failure surface. The impact area was scanned by generating a regular grid with a 
spacing of 0.5 mm between points, allowing the acquisition of the three-dimensional surface 
coordinates (x, y, z) at the predefined grid nodes. Subsequently, the surface was digitally reconstructed 
using the Delaunay triangulation technique. Based on this reconstruction, the volume of material 
removed -thus the volume of the overall flake- for each impact test was determined using a customized 
code developed ad hoc in the Matlab® environment. 

3 Results and discussion 
Although a total of 12 different tests were conducted to investigate flake formation, an initial 
pendulum inclination of 10° did not transmit sufficient energy to generate a flake in any of the 
considered cases. This behaviour was reproduced for the cases of 30° and 10 mm, as well as for the 
cases of 30° and 50 ° with a distance of15 mm. These scenarios are therefore excluded from further 
discussion in the present work, as they are not associated with flake formation. Nevertheless, it should 
be noted that, in these cases, only fine powder was registered, accompanied by noticeable toolmarks 
for inclination angles above 30°. 

In all tested scenarios that included flake formation, after the pick impacts the surface of the specimen 
(Fig. 3a), a busrt occurs ejecting material outward of the impact zone. This ejected material generally 
consists on fine-grained powder and small flakes (Fig. 3b). Despite the fact that that many flakes were 
detatched at this stage, they were all consistent in size. For higher pendulum inclination angles, 
however, a secondary flake formation event was observed following the first stage of material 
detachment (Fig. 3c). 

Fig. 3 Stages during the impact of large impact angles: a) initiation of contact, b) first stage of flake formation and c) second 
stage of flake formation. 

This unexpected secondary flake formation mechanism can be successfully explained by a detailed 
examination of the failure surface generated within the specimen. In Fig. 4, the impact line at which 
the pick intiated contact with the specimen is indicated by a blue dashed line. This figure reveals that 
material was removed for distances greater than the predefined 5 mm from the free surface, which may 
appear contradictory at first glance. However, when the geometry of the pick is simultaneously 
considered, it becomes clear that although contact was initially established  through the rounded tip of 
the pick, there is a subsequent stage where the frustoconical section reaches the specimen with 
sufficient speed to induce a larger-scale fracture. This mechanism highlights the existence of two 
distinct flake formation stages during the impact event. 
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regarded as preliminary, and further experimental investigation is required to confirm its 
general validity and applicability. 

 The failure mechanism for high impact speeds consists on a dual-stage fragmentation, 
transforming the interaction of the pick and the rock mass in a complex scenario with 
subsequent failures rather than an isolated single event. Hence, the design of conical picks 
may be tailored depending on their foreseen cutting speed even to the actual operating speeds. 
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