
Results
Thickness effect:
•Thin samples (100 µm) showed higher fluctuations in the coefficient of friction 
(COF) and unstable force curves.
•Medium thickness (500 µm) provided a balance between flexibility and stability.
•Thick samples (1000 µm) exhibited the most stable COF and the lowest wear.
C60 treatment: 
Across all thicknesses, C60-modified fingertips demonstrated lower COF, reduced 
fluctuations, and smoother force–time curves, indicating improved wear 
resistance and mechanical stability.
Force monitoring: The integrated pressure sensor (Drucksensor) revealed 
that untreated samples showed force peaks and unstable contact, while C60-
treated samples maintained smoother, continuous load transfer.
Overall conclusion: The combination of µ-patterns, PLA antibacterial 
material, and C60 treatment at 1000 µm thickness provided the best balance of 
stable friction, minimal wear, and reliable force transmission. This design is 
the most suitable for robotic grippers in safe human–robot interaction.

Experimental methods

Fig. 1: a) A human fingertip; 
b) Biomimetic 3D-printed fingertip  
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Sample preparation:
Finger t ip  e lements  were  fabr i ca ted  f rom PLA 
antibacterial filament using fused filament fabrication 
(FFF) on a high-precision 3D printer. 
To study the influence of geometry, samples were 
printed with different thicknesses (100μm, 500μm, 
1000μm). A subset of specimens was further modified 
with C60 fullerene surface treatment to improve surface 
properties. In addition, µ-patterned (Fig. 3) structures 
were integrated into selected fingertips to enhance 
frictional behavior.(Fig. 3).
Fig. 3:  a) NIH3t3 cells on biopolymer PLA ; 
b)Print program slices

Fig. 2: c) Humanoid robot  
with moveable fingers and 
d)simply patterned fingertips
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Surface characterization:
Surface topography and pattern fidelity were investigated using optical microscopy 
(KEYENCE VHX-950F) at magnifications of 100x, 500x, and 1000x. Additional 
fluorescence imaging was applied to check the distribution and effectiveness of the C60 
treatment. This ensured reliable surface modification and reproducibility of the 
patterned structures. (Fig. 4)

Optical microscopy revealed clear µ-patterns on PLA antibacterial fingertips. The C60 
modification was evenly distributed and enhanced the stability of the microstructures.

Fig. 4: PLA Antibacterial+Fulleren C60 1000μm 100x, 500x, 1000x

Fig. 4:  PLA Antibacterial+Fulleren C60 500μm  100x, 500x, 1000x

Fig. 4:  PLA Antibacterial+Fulleren C60 100μm  100x, 500x, 1000x

Fig. 4: PLA Antibacterial 1000μm 100x, 500x, 1000x

Fig. 4: PLA Antibacterial 500μm 100x, 500x, 1000x

Fig. 4: PLA Antibacterial 100μm 100x, 500x, 1000x

Tribological testing:
Friction and wear behavior were examined using the SRV-test 
system at a normal load of 5 N, oscillation frequency of 1 Hz, 
and test duration of 60 s. A pressure sensor (Drucksensor) 
was placed between the fingertip and the base to continuously 
record variations in normal and frictional forces during testing 
(Fig. 5). Both smooth and µ-patterned samples, with and 
without C60 treatment, were compared.(Fig. 6)

Fig. 6: Reibungskoeffizient-Zeit PLA Antibacterial+Fulleren C60 100μm, 500μm, 1000μm 

Fig. 6: Reibungskoeffizient-Zeit PLA Antibacterial 100μm, 500μm, 1000μm 

Fig. 6: Kraft-Zeit PLA Antibacterial 100μm, 500μm, 1000μm 

Fig. 6: Kraft-Zeit PLA Antibacterial+Fulleren C60 100μm, 500μm, 1000μm 

Fig. 5 pressure sensor

Robotic grippers are essential for precise and safe manipulation in industrial, service, 
and medical applications. However, conventional smooth fingertip surfaces often lack 
sufficient friction and wear resistance, limiting their performance in reliable human-
machine interactions. By integrating µ-patterned fingertip structures, grip stability, 
durability, and adaptability can be significantly improved without requiring additional 
force. With the advancement of Fused filament fabrication (FFF), biomimetic fingertips 
for robots in medical care were produced using PLA (Fig. 1).

The SRV (Schwingungsreibungsverschleiß) test method enables systematic 
evaluation of friction and wear of such advanced surfaces, providing crucial insights 
into their suitability for long-term robotic use. This development is particularly relevant 
for humanoid robots equipped with soft and sensitive fingertips for direct human 
contact, where safe and efficient interaction strongly depends on optimized surface 
design (Fig. 2).


