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Abstract — This study applies various surface patterns to minimize material loss in construction equipment that is sub-
ject to severe wear due to sand, such as the wear-resistant steel plates of dump trucks or the teeth of excavators. The
relationship between surface morphology and wear behavior is investigated using PLA+ polymer to observe the effect
of the surface pattern. Five types of samples - smooth, concave, convex, wavy concave, and wavy convex designs -
are created using a 3D printer. A wear experiment is conducted for a duration of 3 h using 6.5 kg of abrasive particles.
The mass loss of the samples after the experiment is measured to assess the extent of wear. Additionally, the surface
morphology of the samples before and after the experiment is analyzed using SEM and confocal microscopy. The study
results reveal that the smooth design exhibits the highest wear loss, whereas the concave and wavy concave designs
show relatively lower wear loss. The convex and wavy convex designs exhibit varying contact areas with the abrasive
particles depending on the surface pattern, resulting in different levels of wear. Furthermore, a comparison between the
experimental results and DEM simulations confirms the observed wear trends. This study reveals the relationship
between wear damage according to surface pattern shape and is expected to be of substantial help in the analysis of
wear and tear on agricultural and heavy equipment.
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Fig. 1. Sample modeling dimensions and designs.
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Fig. 2. 3-body abrasion tester and Experimental method.
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Fig. 3. 3-body abrasion tester and Experimental method.
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Table 1. Material properties of AL,Os;, PLA+, and Steel

Poisson’s  Solids density Shear modulus
ratio [kg/m’] [MPa]
ALO; 0.21 3950 14
PLA+ 0.33 1250 1800
STEEL 0.3 7800 76920

Table 2. Material’s Friction coefficient and Restitution
coefficient

Restitution  Static friction Rolling friction
ALO; 0.2 0.30 0.20
PLA+ 0.5 0.40 0.05
STEEL 0.2 0.15 0.01
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Fig. 7. DEM simulation (a) wear depth, (b) wear surface.
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