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Friction – the good “cop”/bad “cop”
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Relevance of Tribology
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Holmberg, K., & Erdemir, A. (2017). Influence of tribology on global energy consumption, costs and emissions. Friction, 5(3), 263-284.

Relevance of Tribology

Energy, costs and CO2 emissions worldwide 2017 due to friction & wear!
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I. Advanced Surface Engineering



Inspired by nature!
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Sandfish skink

Schlussbericht, BMBF, Förderkennzeichen 0311967A, Ingo Rechenberg, TU Berlin
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Laser Interference Pyramidal Texturing

Lithography Micro Coining

Some tailored surfaces made by engineers…

C. Gachot, A. Rosenkranz, S.M. Hsu, H.L. Costa, A critical assessment of surface texturing for friction and 

wear improvement, Wear, Volumes 372–373, 2017, Pages 21-41.



Applications of textured surfaces? 
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P

Gachot et al., Applied Surface Science, 2016

Using an „old“ physical principle…
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DLIP = Direct Laser Interference

Patterning

Penrose tiling



Piston rings of squeeze film dampers

Using surface texturing in highly loaded components
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wear reduction by a factor of 6!
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Using surface texturing in highly loaded components

Piston rings of squeeze film dampers in turbines
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Some numbers (example Audi A6, 
2022)
Supply system on board: 60 kg
Length of connecting lines: 3100 m
No. of connecting lines: 1745
No. of electrical connectors:  3500
No. of contact housings: 671
→ + autonomous driving!

Strongly enhanced reliability  
required

Car Breakdown Statistics
(ADAC Germany, 2014)

▪ Electrical system: 46 %
▪ Motor management: 16 % 
▪ Engine: 7 %
▪ Fuel system: 5 %
▪ Air conditioning: 4 %
▪ Miscellaneous 21 %
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Surface texturing of electrical connectors
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II. High-Performing Solid 

Lubricants – 2D Materials
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Zinc dialkyl dithiophosphates

(ZDDP)

• TiN, TiAlN, TiCrN, Al2O3

• DLC, Transition metal 
nitrides and carbides

• Lubricating coatings, 2D 

materials (WS2 , MoS2 , 

Graphene, MXenes etc.)

How to anticipate friction & wear? – New coating concepts
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A new “family” of materials – MXenes as 2D materials
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MXenes - synthesis
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Friction & wear properties of MXenes

Grützmacher, P. G., Suarez, S., Tolosa, A., Gachot, C., Song, G., Wang, B., ... & Rosenkranz, A. (2021). Superior Wear-Resistance 

of Ti3C2Tx Multilayer Coatings. ACS nano.
17



Friction & wear properties of MXenes

18Grützmacher, P. G., Suarez, S., Tolosa, A., Gachot, C., Song, G., Wang, B., ... & Rosenkranz, A. (2021). Superior Wear-Resistance 

of Ti3C2Tx Multilayer Coatings. ACS nano.
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Phone: +43 (1)58801-30763 

carsten.gachot@tuwien.ac.at

http://www.ikl.tuwien.ac.at/tribologie/

Chief Editor „Industrial Lubrication and 

Tribology (ILT)“, Emerald Publishing Group

Visit us on: https://www.emeraldinsight.com/loi/ilt

Thanks for your kind attention!
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