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Introduction 

Tribology is the science that examines what happens when surfaces slide, roll, or rub against each other. 

Though it may sound like a niche topic, tribology influences an enormous range of technologies, from 

engines and turbines to artificial joints and microelectromechanical systems. Friction, the resistance to 

motion between surfaces, is both useful and problematic: it allows vehicles to move and machines to 

transmit power, yet it also causes energy loss and material degradation. Friction arises due to interactions 

at the microscopic level. Even surfaces that appear smooth are rough when viewed under magnification, 

consisting of tiny peaks known as asperities. When two surfaces come into contact, these asperities 

interact, leading to deformation, adhesion, and energy dissipation. The magnitude of friction depends on 

surface roughness, material properties, and environmental conditions [1]. Wear is closely related to 

friction and represents the progressive removal of material from contacting surfaces. Different wear 

mechanisms—such as abrasive, adhesive, and fatigue wear—can occur depending on load, speed, and 

lubrication conditions. Understanding these mechanisms is essential for selecting suitable materials and 

designing components that maintain performance over long periods [2]. Lubrication is one of the most 
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effective methods for controlling friction and wear. Lubricants reduce direct surface contact by forming a 

film that separates moving parts. Depending on operating conditions, lubrication regimes may be 

classified as boundary, mixed, or hydrodynamic lubrication. In hydrodynamic lubrication, a full fluid film 

completely separates surfaces, significantly reducing friction and wear [3]. Material selection and surface 

engineering are also critical in tribological design. Hard coatings, surface texturing, and composite 

materials are often used to improve wear resistance and reduce friction. For example, diamond-like carbon 

coatings are widely applied in cutting tools and engine components due to their high hardness and low 

friction coefficient [4]. Modern tribology increasingly involves advanced analytical and modeling 

techniques. Surface characterization tools, including profilometry and electron microscopy, help 

researchers understand surface interactions at micro- and nanoscale levels. Computational simulations are 

also used to predict lubrication behavior and frictional performance under complex operating conditions 

[5]. 

 

Conclusion 

Tribology is an essential field that connects materials science, mechanical engineering, and surface chemistry. By 

understanding friction, wear, and lubrication, engineers can design systems that operate more efficiently and last 

longer. A surprising amount of the world’s energy is quietly lost to friction every day—heat generated in engines, 

gears, and bearings—so every improvement in tribology is like reclaiming a small hidden reservoir of energy that 

was previously slipping away between two moving surfaces. 
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