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Small is Big in Tribology
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Introduction to Tribology

“Tribology is the study of interacting sliding surfaces. “the most important subject no one has heard of”
It includes three subjects: friction, wear, and lubrication.” New Scientist
Encyclopaedia Britannica
Ancient Egypt
~1880 BC

Leonardo Da Vinci
~1493 AD
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= i 1.1-1.4 % of UK GDP
Nosonovsky Tribol, Onfine 2, 44-49 (2007) Hutchings Wear. 360, 51-66 (2016) Williams Lubricants. 12, 65 (2024)
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Tribology and Energy Efficiency
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Table 1 Comparison of energy and costs due to friction and wear for the four economic sectors.
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Solid Lubricants

Aerospace

Energy to overcome friction as part ~ Energy due to wear compared to

Costs due to wear compared to

of total energy use energy loss due to friction costs due to friction
Unit % % %
Transportation 30 10 22
Industry 20 14 35
Energy industry 20 22 53
Residential 10 14 35
Total 20 15 37

Grlutzmacher et al. Adv. Mater. 38, e00867 (2026)

Holmberg and Erdemir. Friction. 5, 263-284 (2017)




Modelling in Tribology

electric multi-scale roughness

mechanical load
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Pastewka, ..., Ewen, et al. Tribol. Int. 218, 111326 (2026)
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Ewen et al. Friction. 6, 349-386 (2018)



Molecular Dynamics
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« MD utilises Newton's equations of motion (EoM)

« EoM solved to determine trajectories for a system of
interacting particles every timestep (fs)

1. Forces on particles f;determined from the
gradient of the interaction potential energy V
4
2. Acceleration vectors r; calculated by
integrating EoM
. 2
3. Forces and accelerations used to determine
new positions and velocities

* Process repeated over many timesteps

« Utilise periodic boundary conditions to simulate a
larger system

Alder and Wainwright. J. Chem. Phys.
27,1208 (1957)

MD simulation of liquid argon

Rahman. Phys. Rev. 136, A405 (1964)



Molecular Dynamics
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Lubricant Additives

AeroShell
dscender

Turbine Engine OF

TNBP

\\/!

Non-Equilibrium Molecular Dynamics (NEMD)
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Ayestaran Latorre et al. Commun. Chem. 4, 168 (2021)

Change in the Number of bonds
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Kinetic Monte Carlo/MD (KMC/MD)

Ntioudis et al. Comput. Mater. Sci. 229 (2023) 7




Cosmetics

Conditioning: Cationic guar gum
(guar hydroxypropyltrimonium chloride)
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Coarse-grained representation

Synergistic friction performance between CGG and SDS
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Weiand, et al., Langmuir 40, 7933-7946 (2024)
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Solid Lubricants
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Valderama, et al., In Preparation (2026)
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Song et al. Phys. Rev. Lett. 133, 136201 (2024)
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